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SOME PHASES OF THE JAPANESE BEETLE INSECTICIDE 
INVESTIGATIONS! 


By E. R. VAN LEEUWEN, Associate Entomologist, O. G. ANDERSON and 
P,. A. VAN DER MEULEN, Agents, Bureau of Entomology, 
United States Department of Agriculture 
ABSTRACT 

Effective measures for the protection of many economic plants from injury by 
the Japanese beetle (Popillia japonica) have resulted from insecticide investigations. 
Various factors influencing the results of insecticide experiments are discussed. 
Data are given to show that certain non-toxic materials are as effective in repelling 
beetles as lead arsenate, indicating that other factors besides toxicity are responsible 
for the repellence of the lead arsenate sprays. The great difficulty in obtaining a 
high mortality of beetles with a stomach poison has been, first, to get the beetles to 
come to poisoned foliage, and, second, to get them to eat the poison. Progress in 
this connection is reported, together with methods for killing beetles otherwise than 
by the use of astomach poison. In cases of heavy infestation there is some doubt 
whether a large percentage of kill and a high degree of protection can be obtained 
by means of a stomach insecticide. 

Since the Japanese beetle was first discovered in this country in- 
secticide investigations have been carried on by several men for the 
purpose of developing methods for its control. The earliest reports on 
these studies indicated that the beetles were difficult to poison, and 
were repelled by most arsenical sprays. These facts, and the evidence 
that, unless the beetle was checked, it was likely to become a pest 
dangerous to most of our economic plants, made it very important to 
find a means for successfully combating it. Entomologists working 
for the control of the Japanese beetle have considered the application 
of chemicals the most promising means available, as that is usually 
accepted as one of the most satisfactory methods in the control of 
the insect pests. In the course of these investigations considerable 
progress has been made in developing measures effective from the stand- 
point of protection. This paper reports the present status of the prob- 
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lem of insecticides as related to the Japanese beetle, and describes 
several of the more valuable methods for the protection of plants and the 
destruction of beetles. 

From a small number of beetles first found in the Riverton area in 
1916, the insect has become very abundant until, at present, many 
millions could be collected; and severe injury to many plants is often in- 
flicted in a very short time. This condition has made it necessary 
from time to time to issue recommendations for the guidance of the 
public. These cover certain spraying methods, and are being followed 
extensively, with high success, over a wide area of the heavily infested 
territory. There is no doubt concerning the degree of protection that is 
afforded to plants, provided the recommendations of the Laboratory 
are followed. The results of many field tests, over a period of years, 
have demonstrated this conclusively. Better protection and control 
with insecticides are obtained against the Japanese beetle than against 
many other insects which have for years received the attention of 
entomologists. By this statement the writers do not mean to imply 
that this insect is an easy one to control, but that, as far as protection 
of crops is concerned, the insect is controllable. In combating it at- 
tention must be given to several details, such as timeliness and thorough- 
ness of application of the spray. These factors are even more im- 
portant in the control of the beetle than they are in controlling many 
other important orchard insects with which the writers have had ex- 
perience. 

With the exception of early peaches and the bloom of certain flowering 
plants, for the past three years apple, late peach, cherry, and plum 
orchards, shade trees, shrubs, vineyards, and gardens have been treated, 
and there has been very little injury by beetles where the treatment was 
applied in accordance with established methods (Plate 18, fig. 1). 
Although numerous experiments have been tried, no satisfactory method 
has yet been worked out for the protection of early peaches or the bloom 
of certain flowering plants. 

The difficulty in control in early peach orchards is that the beetles 
are greatly attracted to the ripening fruit, which is harvested at this 
time. Large numbers of beetles literally swarm to this fruit and the 
protective coating resulting from the spray is destroyed by the first 
beetles which feed on it. Furthermore, sprays applied at this time 
leave a heavy deposit of residue which cannot be removed without in- 
juring the fruit for market. Peaches with large quantities of spray 
residue have very little market value, and are subject to Government 
regulation. 

















Dec., '28] VAN LEEUWEN & OTHERS: JAPANESE BEETLE INSECTICIDES 807 


The problem of the protection of certain flowers is to keep the ex- 
panding flower covered with poison, as newly uncovered areas are con- 
stantly being exposed to attack. This is a very favorable condition 
for the beetle, as it is often attracted to flowers. In order to protect the 
flowers completely from injury it would be necessary constantly to 
apply poisonous sprays, which, of course, is hardly practical. It was 
hoped that a suitable repellent might be of value in protecting early 
peaches and flowers, but none has as yet been found. Although much 
information has been accumulated, the results, to date, are mostly 
negative. Emphasis, however, is being placed on this phase of the in- 
vestigations. 

As the beetle continues to spread into new territory new problems of 
control are arising. In the past season beetles were becoming very 
numerous in cornfields in eastern Pennsylvania and southern New 
Jersey. They attack the tassel, leaves, and silk, and, where the corn has 
not been fully pollinated before injury has resulted, considerable damage 
may be caused to the developing ear from the destruction of the silk, 
of which the beetles are especially fond. Neither the percentage of 
injury nor the extent to which the beetle can injure a corn crop has been 
fully determined, and it is still a question whether it is sufficient to 
warrant the cost of remedial measures. It is the writers’ opinion that 
most of the corn grown in the present area of infestation will be polli- 
nated, in an average year, before injury to the silk occurs. Experiments 
with dusts were conducted in a cornfield during the past season. Many 
dead beetles were observed after the dust was applied, and the field was 
found to be entirely rid of living beetles, but further work will have to be 
done before definite conclusions are drawn. 

This year, for the first time, beetles were reported to have injured 
blackberries and raspberries in the Hammonton district and other 
districts in New Jersey. The protection of such crops presents new and 
different problems, because it is the ripening fruit that is most subject 
to attack. 

One of the chief factors which, in spite of countless numbers of beetles, 
makes it possible to secure protection with heavy applications of poisons 
high in toxicity, is that they have a more or less repellent effect on 
the beetle. The repellent effect of the various sprays has been very 
noticeable, and has received considerable attention from several indi- 
vidual workers. There*is never an accumulation of beetles on the 
sprayed plants, such as is often found on the unsprayed plants. The 
reason, or reasons, for this is not known, beyond the fact that several 
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factors are responsible. The first information as to why the beetle is 
repelled from arsenical sprays was published by Moore,’ in which he 
states that “Japanese beetles are not repelled from sprayed foliage by 
the color, physical condition, or taste of the arsenical,”” but that “‘the 
beetles appear to be repelled by the toxic symptoms resulting from 
eating some of the arsenical”’ As this was the only information which 
had been published at the time the writers were assigned to these in- 
secticide investigations, it was from this point of view that the work was 
begun. Their problem was to mask the toxicity of lead arsenate in 
such a way that beetles would consume a toxic dose before they were 
repelled. Work was begun by confining beetles in small cages where 
they were allowed to feed upon plants sprayed with various mixtures 
of lead arsenate and insoluble soaps. One of the results of this work 
was the development of an insecticide known as coated lead arsenate, 
which has been used in great quantity throughout the beetle areas, and is 
there being recommended for the protection of shade trees and shrubs. 
It is a combination of ordinary acid lead arsenate paste and a coating of 
2 per cent lead oleate. Approximately 70,000 pounds of coated lead 
arsenate was used for beetle control during the season of 1927. 

The cage tests with coated lead arsenate gave a much higher percent- 
age of kill than did similar tests with ordinary lead arsenate, but, un- 
fortunately, in the field the beetles were not attracted to the sprayed 
foliage as readily as they were to unsprayed foliage. Under field con- 
ditions the results from coated lead arsenate were in many ways far 
superior to those from ordinary lead arsenate. There appeared to be 
little difference in the number coming to the coated lead arsenate 
and the number coming to trees treated with uncoated lead arsenate, 
although those coming to the former remained for a longer time. It 
was apparent, therefore, that toxicity was not the only factor which 
influenced the repellence of beetles from foliage sprayed with lead 
arsenate. The writers therefore made a study of the reaction of the 
beetle to several toxic and non-toxic materials, in order to ascertain 
whether other factors played any part in the repellence. From the re- 
sults of extensive experiments continued over a period of three years it 
was found that the efficiency of several materials in repelling beetles 
from foliage, unsprayed foliage being used as check, was as follows: 


“Moore, William. The reaction of the Japanese beetle to arsenical spray deposits. 


Jour. Econ. Ent., Vol. 15, No. 1, February, 1922, pp. 67-71, 
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Per cent 

ISS. 1 o Javad s aeals Samana ee ee 87.1 
Acid lead arsenate.......... ah son el 5 bids ain wlaaiaman 77.4 
Chalk Rapa Geka nay st ttawaden 00a 744 
Calcium arsenate............. es. aa ocenn beeen 71.3 
Slaked lime SEA sae eee pa a bawcads 00sec 69.1 
Basic lead arsenate........... odwane weed eact eee 60.8 
Lead arsenate colored green. .... » oie apis waa oscar eee 39.0 

37.8 


Barytes eee ee , > id aes © rel ele aap 

In these results it will be noted that beetles were repelled from some 
materials which were not toxic. Observations made when these data 
were being obtained indicated that the more conspicuous the appear- 
ance of a material on a plant, the more repellent the material was to 
the beetle, regardless of its toxicity. Under conditions of extremely 
heavy infestation beetle injury may occur in spite of poisonous sprays. 
It is therefore apparent beyond a doubt that toxicity is not the only 
factor accountable for repellence. Further study of the reaction of the 
beetles to spray deposits brought out the fact that the beetles not only 
do not alight upon sprayed trees so readily as they do upon unsprayed 
trees, but that they do not even approach them. 

The attraction that an accumulation of beetles exerts upon other 
beetles in the near vicinity has been noted many times. Two plants or 
two trees are often seen within a short distance of each other, one heavily 
infested, the other entirely free of beetles. The reason for this is readily 
shown by the results of an experiment in which beetles were counted 
and removed from foliage as fast as they arrived, and in which at the 
same time counts were made of beetles coming to foliage where they 
were permitted to accumulate. In this experiment 43.6 per cent more 
beetles came to the foliage upon which they were allowed to accumulate 
than to the foliage from which they were removed. The attraction of an 
accumulation of beetles, is, therefore, another factor influencing control. 
If an accumulation of beetles could be maintained on a tree sprayed 
with lead arsenate many would be killed. This has been demonstrated 
by spraying a heavily infested tree with a light application of lead 
arsenate, less repellent than the heavier applications apparently neces- 
sary to insure protection. 

Acid lead arsenate, when applied as directed by the Laboratory, 
will kill an average of 30 per cent of the beetles that are on the plant 
at the time of spraying and of those which come to the plant whilea 
heavy deposit of poison remains. This figure was obtained by collecting 
beetles as they left the sprayed trees and observing their mortality for a 
period of 48 hours. (Plate 18, fig. 2.) Other methods were employed, 
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such as surrounding a sprayed tree with a large screen cage, and collect- 
ing all beetles when they left the tree and flew to the sides of the cage. 
Beetles are very active in the field, where they often fly from one tree 
to another and feed a little on each. In a well sprayed area many are 
thus killed during the season by the cumulative effect of the poison in 
their system. Since many beetles leave both sprayed and unsprayed 
trees without feeding, the percentage here given is the minimum which 
can be expected from lead arsenate sprays. 

The results of the insecticide studies at the Laboratory prove con- 
clusively that the protection afforded by spraying with arsenicals high 
in toxicity is due mostly to the repellent action of the poison, and is not 
the result of the actual killing of large numbers of beetles. In spite of 
this difficulty the greatest efforts have been made to increase the kill. 
Although the writers appreciate the fact that the most important 
reason for spraying is the protection of the plant, they have a strong 
desire to accomplish three things, first, to induce as many beetles to 
come to sprayed foliage as come to similar unsprayed foliage; second, 
to induce at least 60 per cent of them to consume a fatal dose of poison; 
and, third, to develop a quick acting poison which will result in the 
appearance of a large number of dead beetles below the sprayed plant. 

Geraniol, a colorless, oily liquid with a rose-like odor, is, under certain 
conditions, attractive to the Japanese beetle. This attractiveness was 
tested in an experiment in which it was emulsified, mixed with a lead 
arsenate spray, and applied to foliage. There was evidence, however, 
that the beetles fed very little on the poisoned foliage and that very few 
were killed. The geraniol appeared to excite them to activity; many 
which were attracted failed to alight, but flew to neighboring unsprayed 
trees. They continued to come and go for a period of about 20 minutes 
after the application and at the end of that time many more were leav- 
ing than coming. To overcome the rapid dissipation of the geraniol 
when applied as a spray, and to maintain a constant odor, a small 
apparatus known as an odorizer was developed, which permitted the 
geraniol to drip continuously upon a sponge. Several odorizers were 
distributed in an orchard which had previously been sprayed with a 
heavy application of lead arsenate. Many of the beetles attracted 
to the sprayed trees were killed, and were counted during a period of 
several days as they fell upon a piece of canvas spread upon the ground. 
Considerable injury to the fruit and foliage of several apple trees, 
caused by feeding, was noted. In the case of the fruit, the first beetles 
attracted destroyed the protective coating left by the spray, and those 
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which came later accumulated on the fruit and destroyed the entire 
crop of several trees. Moreover, the method did not appear to make 
the lead arsenate any more palatable to the beetle. More injury was 
caused by feeding, and there were larger numbers of dead beetles present, 
owing to the attraction of larger numbers of beetles to the tree. 

In the course of these and other experiments it was observed that it 
was necessary not only to attract the beetles to the sprayed trees but 
to induce them to feed more upon the poison. Various fruit juices and 
flavors were therefore used: in combination with the lead arsenate. 
The most outstanding discovery which resulted from these experiments 
was that the beetles would gorge themselves upon foliage, sprayed with 
lead arsenate and a solution of refined sugar, on a tree to which they 
were attracted with geraniol. (Plate, 19, fig. 3.) A higher proportion of 
beetles fed on this foliage than on similar unsprayed foliage, and the kill 
was much higher than has ever been obtained with any other insecticide 
used in the field against the beetle. Work is under way to determine 
the insecticidal value of various sweetened materials, their adaptation to 
beetle control, and their effect upon plant growth. A combination of 
geraniol, to attract the beetles, with a poisonous spray which they will 
eat readily is a promising method for killing them. 

While working with insecticides in an area of heavy infestation it has 
been clear that it would be very difficult to kill a large percentage of 
beetles with a stomach poison and, at the same time, to avoid severe 
injury caused by the feeding of the beetles upon fruit and foliage. This 
difficulty, together with the fact that only a small portion of the beetles 
attracted to poisoned foliage are actually killed, made it necessary to 
develop other methods. One was to apply a contact spray after the 
beetles had become concentrated on a comparatively small area. Sever- 
al preliminary experiments were made with a spray composed of sodium 
oleate and an alcoholic extract of pyrethrum, applied with a bucket 
pump to beetles which had been attracted to peach trees. The beetles 
were easily disturbed by the spray, and many of them flew away before 
receiving a sufficient quantity of it to prove fatal. It was later ob- 
served that if geraniol were applied to a tree separated from an orchard 
or from other trees by a distance of 100 yards or more, beetles collected 
upon it in great numbers, where they could be readily killed with the 
contact spray. (Plate, 19, fig. 4.) These experments were followed 
by one on a much larger scale, in which four large power sprayers, each 
operated by a crew of five men, were employed in a very heavily in- 
fested area three square miles in extent, to determine if the number of 

















812 JOURNAL OF ECONOMIC ENTOMOI OGY [Vol. 21 


beetles could be reduced. The sprayers were capable of distributing 45 
gallons per minute when operated at a pressure of 500 pounds to the 
square inch. By using with each outfit two nozzles with spreaders, one 
on each side of the infested tree, and by directing the spray in the 
shape of a fan from the top of the tree downward, few beetles were able 
to leave without becoming thoroughly wet. This method proved very 
satisfactory but, as the beetle is a strong flier, it does not prevent the 
area from becoming reinfested. Where it is impossible to employ 
sprayers of the high-powered type, a more simple method is quickly 
to cover the infested tree with a tent, from within which the contact 
spray is applied with a bucket pump. Either of these methods is satis- 
factory provided a well-organized campaign is conducted over a wide 
area. The only disadvantage now apparent is that geraniol cannot be 
relied upon to attract beetles under all conditions. To obtain the best 
results from its use it should be applied when the beetles are most 
active, which generally occurs under conditions of bright sunshine and 
high temperature; the latter should be at least 80 degrees F. Other 
factors favorable to the use of geraniol are a relative humidity of be- 
tween 40 to 70 per cent, a slight breeze, and a low vapor pressure. 
As such conditions occur in New Jersey during the beetle season only 
between the hours of 10 A. M. and 4 P. M. the time in which the method 
can be applied is very short. 

Many beetles were caught during the past season in so-called ‘‘hooch”’ 
traps, which are small, wide-mouthed receptacles containing fermented 
apple juice. The bait used was of the kind recommended by Spuler* 
in his work with the codling moth in the Northwest. It was made by 
mixing 20 gallons of apple juice, 2 pounds of raisins, 20 pounds of sugar, 
and 18 yeast cakes. The mixture was allowed to stand for two weeks 
while it was fermenting. Two-quart galvanized stew-pans were two- 
thirds filled with the bait and hung in infested peach trees. From 20 
of these pans 47,350 beetles were collected during a nine-hour period of 
beetle activity. 

Experiments have been made with many types of apparatus for 
catching beetles. The most effective trap, and for use with it a bait 
containing geraniol as the chief ingredient, were devised by members 
of the Laboratory staff, and were first used by the public last season. 
This trap, and others which are modifications of it, are manufactured 
by several commercial firms. These traps are very promising as devices 


*Spuler, Anthony. Moth trapping is well worth while. Better Fruit, Vol. 21, 
No. 12, June, 1927, pp. 9-13. 











December, '28] FLEMING: SOIL INSECTICIDES FOR JAPANESE BEETLE 813 


for destroying beetles, and large catches in them have been reported. 
The writers gave considerable time and thought to the improvement 
of the trap now in use, and some interesting results were obtained. 
Their effort is to devise a trap which will capture most of the beetles 
that come to it. 

It is very apparent to the writers that, in cases of heavy infestation, 
any insecticide used must serve either for the protection of the plant by 
repelling the beetles, or for the killing of beetles without regard to pro- 
tection. No method has ever been observed whereby large numbers of 
beetles are killed and a high degree of protection is also secured at the 


same time. 





SOIL INSECTICIDES FOR THE JAPANESE BEETLE! 


By WALTER E. FLEMING, Associate Entomologist, Bureau of Entomology, 
United States Department of Agriculture 


ABSTRACT 
A brief summary of the materials which have been tested to determine their 
effectiveness for destroying the beetle in the soil about the roots of nursery plants. 
In the development of methods for sterilizing the soil about the roots 
of growing nursery plants within the Japanese beetle area, one of the 
first steps was to determine what chemicals could be used to destroy 
the eggs, larvae, and pupae of the beetle. The results of several years’ 
experimentation indicate that the soil-infesting stages of the insect can 
be killed by treating the soil with certain organic gases, solutions, or 
solids. The most effective of these compounds are treaved briefly in 

this paper. 
FUMIGANTS 


Carbon disulfide was one of the first organic compounds to be used 
successfully in the form of a gas against the beetle in the soil. A satu- 
rated atmosphere of this chemical at room temperatures will kill the 
larvae, and prevent the eggs from hatching, when they are exposed to 
its action for a few minutes. A concentration of 4 parts of carbon disul- 
fide in 100,000 parts of air is lethal to these stages within 24 hours, at 
80° F. As the temperature is decreased, it is necessary to prolong the 
exposure to obtain the desired mortality. At a temperature of 60° F. 
a minimum period of 72 hours is required, and at 40° F. a minimum 
period of 120 hours must be used, to insure the destruction of the insect. 


1Contribution No. 32 of the Japanese Beetle Laboratory, Moorestown, N. J. 








| 
t 
| 
. 








814 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


As there was an abundance of data on carbon disulfide as a fumigant 
for the soil-infesting stages of the Japanese beetle, this substance was 
chosen as a standard of comparison in determining the effectiveness 
of the other organic compounds. 

Because of the fact that a relatively large number of compounds was 
to be tested for possible value as soil-fumigants, it was decided so to 
conduct the tests that a general idea might be obtained of their toxicity 
to the larvae. No attempt was made to determine the exact toxicity of 
any compound. In the first series of tests naked larvae were exposed 
to the vapors evolved from different weights of the chemicals in air 
of 70 per cent relative humidity. As the tests were made at about 
the same temperature on compounds differing greatly in vapor pressure, 
the more volatile could be tested in several concentrations, whereas 
the slightly volatile could be tested only in the maximum concentration 
of the vapor which was possible at the temperature of the test 

The results of the fumigation of naked larvae at room temperature indi- 
cated that the following compoundswere more toxic than carbon disulfide: 


Benzyl! chloride Nicotine 

Mustard oil Ortho-toluidine 
Hydrocyanic acid Aniline 
Naphthalene Ethyl formate 
Ortho-cresol Nitrobenzene 
Para-toluidine ’ara-dichlorobenzens 


Phenol 


Y 


In a second series of tests, moist soil was infested with larvae, com- 
pacted loosely in standard cylindrical wire baskets, and exposed, in an 
atmosphere containing 70 per cent relative humidity, to the vapor 
evolved from the most toxic fumigants. It was found that among the 
larvicides carbon disulfide alone could be depended upon to permeate 
the soil and destroy the insects within twenty-four hours. The lachry- 


} 
i 


matory vapors—benzyl chloride and mustard oil—did not penetrate in 
effective concentration beyond a thin superficial layer of the soil. 
Hydrocyanic acid, nicotine, furfural, formaldehyde, phenol, and ethyl 
formate, which are relatively soluble in water, were apparently ab- 
sorbed by the moisture near the surface, and did not permeate the 
mass of soil. The other vapors penetrated in effective concentration 
only when the treatment was prolonged for several days 

Many organic compounds are toxic in their vapor state, but, because 
of their reactivity with the constituents of the soil, do not penetrate in 
insecticidal concentration. Others have, at soil temperatures, such a low 
vapor pressure that they permeate the mass of soil very slowly 
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It is necessary to know the conditions under which the soil must be 
sterilized. If complete fumigation within a few hours is desired, carbon 
disulfide is possibly the most effective and reliable compound which 
can be employed. If the treatment is to be prolonged over several 
days or weeks, however, it might be better to use a compound of low 
vapor pressure, like naphthalene, para-dichlorobenzene, or para-toluidine, 
the vapor of which can be maintained at a killing concentration for a 
much longer period of time. 


SOLUTIONS 


A dilute emulsion of carbon disulfide has proved to be one of the best 
insecticides for the soil-infesting stages of the Japanese beetle. When 
submerged in the emulsion, the following concentrations of the toxic 
agent were normally required to kill these stages of the insect within 24 


hours, at a temperature of 65°F.: 


Eggs 0.01 per cent 
First-instar larvae ‘ —- = 
Second-instar larvae SS 
Third-instar larvae ; ose *- “ 
Pupae. ;, ce = 


In obtaining satisfactory results there is, however, a close relationship 
between the temperature of the solution, the concentration of the toxic 
agent, and the duration of treatment. If the temperature is low, it is 
possible to some extent to compensate for the resulting loss in insecti- 
cidal action by increasing the concentration of the toxic agent, by pro- 
longing the time of treatment, or by increasing both factors. With 
dilute carbon disulfide emulsion, which was taken as a standard with 
which to compare the other solutions, the most satisfactory results were 
obtained at a temperature of 65° to 70°F., with the treatment prolonged 
for 24 hours. 

As the number of compounds under consideration was very large, 
only the relative toxicity of their solutions at different concentrations 
was determined. The substances included organic hydrocarbons, 
bromides, chlorides, alcohols, aldehydes, esters, nitro-compounds, 
amino-compounds, ethers, sulfur compounds, and essential oils. In 
the first series of tests, naked larvae were submerged in the solutions, 
at a temperature of 65°F., for a period of 24 hours. 

It was found that solutions containing the following chemicals were 
more toxic under these conditions than was one containing carbon 


disulfide : 
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Mustard oil Bromobenzene 
Wormseed oil Hexachloroethane 
Benzyl] chloride Naphthalene 
Hydrocyanic acid Pentachloroethane 


In a second series of tests, moist soil infested with beetle larvae was 
treated by two methods. In the first, it was submerged in the solutions, 
which were of different concentrations, for a period of 24 hours; in 
the second, the solutions were poured on the surface of the soil, and 
allowed to percolate through it. When the infested soil was submerged 
in the solution it appeared that effective insecticidal action was de- 
pendent, to a large extent, upon its bulk, composition, and condition. 
If the condition of the soil is favorable for penetration by the solution, 
the insects can generally be killed by submerging the soil in any of 
the solutions mentioned above, except those of hydrocyanic acid and 
of benzyl chloride, which did not give uniformly good results, even 
under optimum conditions. If the soil is in poor condition for treat- 
ment, however,—too wet, too dry, too cold, too rich in organic matter, 
too compact, etc.,—the insects may survive submersion in any of the 
solutions. 

When poured upon the surface of infested soil and allowed to per- 
colate through it, a larger volume of the toxic solution can be passed 
through the infested mass, and a greater concentration can be obtained 
than in soil submerged in the solution. While several of the solutions 
gave satisfactory results, carbon disulfide emulsion was found to be 
equally effective and much less expensive. 


SOLIDS 


Tests were begun three years ago to determine which organic com- 
pounds, solid under ordinary conditions, could be mixed with soil to 
destroy the beetle. A group of these compounds, including hydro- 
carbons, alcohols, nitro-compounds, amines, sulfur compounds, chlo- 
rides, and bromides, was selected for investigation. ‘Soil which had 
been intimately mixed with different quantities of the compounds was 
infested with larvae, and was examined at weekly intervals to determine 
their condition. Some of these compounds, which may act either as 
fumigants or as stomach poisons, destroyed the larvae. The following 
table gives, approximately, the minimum concentration and the min- 
imum period of time necessary to kill the insects with each of the most 
toxic compounds: 
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Hydroquinone 

Naphthalene 

9-4 Dichloroaniline 
Trichloroaniline 
Ortho-nitrochlorobenzene 
Para-nitrochlorobenzene 
Ortho-toluidine hydrochloride 
Xylidine hydrochloride 


Alpha-naphthylamine hydrochloride 
Beta-naphthylamine hydrochloride 


Alpha-naphthol 
Beta-naphthol 
Para-nitrophenetol 

2-4 Dinitrophenol 
Beta-naphthylamine 
Para-toluidine 
Meta-dinitrobenzene 
3-Nitro-4-amino-toluene 
Alpha-nitronaphthalene 
Nitro-naphthylamine 
Dipheny] 

Potassium xanthate 
Acetyl ortho-toluidine 
Dibromonaphthalene 
Para-chloroacetanilide 
Alpha-naphthylamine 
Di-nitrotoluene 
Diphenylamine 

Aniline oxalate 
Benzoyl-alpha-naphthylamine 
Alpha-naphthoic acid 
Meta-nitroaniline 

Aniline hydrochloride 
Acetyl-para-toluidine 

2-4 Diaminochlorobenzene 
1-Nitro-2-naphthol 
Sodium-1-naphthol-4-sulfonate 


Beta-naphthalene sulfochloride 


Para-nitrophenol 
Para-aminoacetanilide 
2-6-Dichloro-4-nitroaniline 
Oxanilide 


Diacetyl-ortho-phenylenediamine 
Ortho-aminophenol 
Anthraquinone 
Beta-naphthyl benzoate 
Tolidine 


—— 


—_—\ 


0.03 per cent. effective within 1 week. 


0.16 per cent. effective within 1 week. 


0.16 per cent. effective within 2 weeks. 


0.16 per cent. effective within 3 weeks. 


0.33 per cent. effective within 1 week. 
0.33 per cent. effective within 2 weeks. 


0.33 per cent. effective within 3 weeks. 


0.5 per cent. effective within 2 weeks. 


0.5 per cent. effective within 3 weeks. 


0.66 per cent. effective within 3 weeks, 
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Sort TREATMENT IN GENERAL 


The use of chemical soil insecticides is generally restricted to well- 
drained soils of medium texture which are neither too wet nor too dry, 
too rich nor depleted in organic matter, too warm nor too cold. Uni- 
formly good results can be expected only in soils in which the proper 
dispersion of the toxic agent is assured. It is equally important to have 
the soil in suitable condition, and to choose the proper insecticide. 

The insecticidal action of the compounds has been considered under 
optimum conditions only in this paper. The determination of the gases, 
solutions, or solids which can be used to kill the beetle in the soil, 
however, is only one important step in the development of a method for 
sterilizing the soil about the roots of a growing plant. Before an insec- 
ticide can be considered commercially it is necessary to know how 
effective it will be under different soil cor iitions and at various times of 
the year. It is necessary to ascertain the effect of the treatment on 
the fertility and the physical and chemical properties of the soil. The 
immediate and the subsequent effect of the treatment on the develop- 
ment of the plant must also be studied in order to determine when the 
plants can be treated with least injury by the insecticide. At the present 
time the problem is to find that insecticide, for each particular crop, 
which will kill the insects in the soil with the least deleterious action 
on the plants. 





HOT WATER AS AN INSECTICIDE FOR THE JAPANESE BEETLE 
IN THE ROOTS OF NURSERY STOCK' 


By WALTER E. FLEMING, Associate Entomologist, and FRANcIs E. BAKER, 
Junior Entomologist, Bureau of Entomology, 
United States Department of Agriculture 


ABSTRACT 

Hot water is an effective dip for killing the eggs, larvae, pre-pupae, pupae, and 
adults of the Japanese beetle (Poptllia japonica) in the soil. A temperature of 
112°F. is the lowest which will give dependable results within a practical period of 
time. This temperature is recommended for the treatment of soil about the roots 
of nursery stock, to destroy the soil-infesting stages of the beetle. 

An investigation is now under way to determine what varieties of nursery stock 
can be treated with hot water, and the optimum time of year for applying the 
treatment with least injury to the plants. 


INTRODUCTION 
Hot water seems promising as an insecticidal dip for the soil about 
the roots of nursery plants grown within the Japanese beetle area. Its 


‘Contribution No. 33 of the Japanese Beetle Laboratory, Moorestown, N. J. 
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use is one of the most simple and certain methods for killing insects in 
the soil; it is easily and cheaply applied to practically all types and 
conditions of soil, and it appears to be no more injurious to the roots of 
plants than the chemical treatments which have been employed for this 
purpose. 

The principal work to determine the value of hot water as an insec- 
ticide was begun in the fall of 1926, and will be continued for at least 
another season. Since the results obtained during the past fall corre- 
spond with those of the past year, it was decided at this time to present 
a preliminary report on the treatment, before the completion of a 
second year of experimentation. The effects of the hot water treatment 
on nursery plants will not be discussed in this paper, as it is necessary 
to limit it to the insecticidal phase of the investigation. 

The treatment is to be used as a quarantine measure for preventing 
the artificial dissemination of the insect in soil about the roots of nursery 
plants. It was necessary to use large numbers of insects to determine 
definitely the temperature and length of exposure that would destroy 
all stages of the insect throughout the year, because all stages occur in 
the soil. During 1927 the following individuals have been used in the 


tests: 
Eggs... Ey Ter iTs eT eT ee ... 80,000 
Ist. instar larvae ay Raed oes apis = wean 15,000 
2nd. instar larvae.... +, Sit w tom a-ha eagsiale Ca 10,000 
Srd.instar larvae.............. Feds wk he.mana s&s 500,000 
Pre-pupae eo Pre ere :énte seis pdvanaeeeeee 10,000 
Pupae. . ’ ee ee Pt ee STTTET Te | eee 50,000 
NS idles cb ¢ w Rv ee ae Ba sete Pr ye ie Se 500,000 


EARLY EXPERIMENTS WiTtH Hov WaTER 

Early experiments with hot water showed that all stages of the beetle 
could be killed by submerging them in water at any temperature over 
100° F. When the temperature was below 112°F., however, very pro- 
longed periods of treatment were required, which were less certain in 
killing the beetle, and, in general, proved more injurious to the plants. 
As the temperature was increased above 112° F. the insects were killed 
more readily, but as it approached the thermal death-point of the plant 
there was more injury, because of the excess heat and the prolonged 
period of pre-heating necessary to obtain the desired temperature 
throughout the mass of soil. A temperature of 112° F. was the lowest 
that gave consistent insecticidal action within a practical period of 
time. The results which are reported in this paper were all obtained 
at 112° F. 
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RESISTANCE OF Eccs 


The eggs used in the tests were obtained from beetles kept in stand- 
ard Reilly cages, about 3,000 in each cage, which was provided with 
food and a tray of moist, finely-sifted soil. At intervals of about five 
days these trays were removed, and the eggs were transferred, in groups 
of 100, to small aluminum tea balls, without soil. They were sub- 
merged, in this naked condition, in water at 112°F. for definite periods 
of time. It was usually possible to obtain a sufficient number of eggs 
for six to ten tests within a space of a few days. 

After the eggs had been submerged for a definite period, they were re- 
moved from the container, and placed separately in small depressions 
on the surface of moist leaf-mold, together with one hundred untreated 
eggs to serve as acheck. They were kept in the dark, and observed 
daily for a month. When an individual hatched, it was removed from 
the tray and discarded, to prevent confusion in subsequent observations. 
A daily record was kept, showing the number of individuals which 
hatched in each tray and the condition of the unhatched eggs. 

The eggs seem to be rather resistant to the insecticidal action of 
water at 112°F. When they are first found in the soil, in July, a sub- 
mersion of 55 minutes is necessary to kill them. There is a gradual 
increase in resistance as the season progresses, and, after the first of 
August, a treatment of 60 minutes is required. 


RESISTANCE OF LARVAE 


The larvae were dug in the field in places where they were abundant 
and free from disease and were brought to the laboratory in boxes con- 
taining soil. When treated within a period of 48 hours after being dug, 
their resistance does not seem to differ appreciably from their normal 
resistance in the field. If they are stored for several days or weeks 
before treating, however, their resistance may be abnormal. For this 
reason they should be treated as soon as possible after removal from 
their natural environment. 

When larvae are removed from soil, they injure each other with their 
mandibles. It was necessary, therefore, to prevent them from coming 
into contact with each other during the course of the treatment. A 
wire cage with separate compartments of about 1 cubic inch capacity 
was devised for this purpose, and has proven to be very satisfactory for 
use in treating naked larvae. 

Groups of 200 larvae, of the same stage of development, were sub- 
merged, each individual in a separate compartment, for different periods 
of time. They were then removed, and placed upon the surface of 
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moist, freshly-dug soil, and kept under observation for five days. The 
trays containing the treated larvae were constructed with cross sections, 
so that it was impossible for them to come into contact with each other. 
A daily record was kept of the number of larvae which were dead, sick, 
or normal in each tray. A larva was not considered dead until it re- 
mained on the surface of the soil without giving any reaction to external 
mechanical stimulation, and showed signs of decomposition. It was 
considered sick when it remained on the surface of the soil, but re- 
sponded to external mechanical stimulation. It was considered normal 
if it burrowed into the soil, and, when removed at the end of five days, 
was apparently unaffected by the treatment. 

First-instar larvae are found abundantly in the soil from July 15 until 
October 15; second-instar larvae are abundant from August 1 until 
November 1; third-instar larvae are present in large numbers from 
August 15 until the middle of June of the following year. 

First and second instar larvae seem to be quite susceptible to the in- 
secticidal action of water at 112°F., and can be killed at any time by 
submerging them at this temperature for 30 minutes. The third-instar 
larvae, which are found in the soil during almost the whole year, show 
considerable variation in their resistance to the treatment. They can 
be killed in August and in September as readily as the other larval 
instars, but after the middle of October they become more resistant. 
This resistance gradually increases, until in March it is necessary to 
treat them for 55 minutes. The high resistance continues as long as the 
ground remains cold. When the ground becomes warmer in the spring, 
and the larvae become more active and move toward the surface, 
their resistance decreases very rapidly, until, in June, they can be 
killed by a treatment of 20 minutes, which is the same as that required 
in late summer 


RESISTANCE OF PRE-PUPAE 
The pre-pupae were dug in the field when abundant, between the 
middle of May and the end of June, and were treated in the same manner 
as the larvae. This stage of the insect is more resistant to the action 
of hot water than is the larva at the same time of year, and an exposure 
of 40 minutes is necessary to kill it. 


RESISTANCE OF PUPAE 


The pupae were dug in the field when abundant, during June and the 
early part of July. They were treated, and then placed on soil the same 
as the larvae, and were kept under observation for 15 days. 
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The pupa is one of the most resistant stages of the beetle. It re- 
quires an exposure as long as the third-instar larva at its most re- 
sistant period, and as long as eggs in the early part of the season. It is 
necessary to submerge pupae for a period of 60 minutes at 112°F. to 
assure their destruction. 


RESISTANCE OF ADULTS 


While the adult cannot be considered a strictly soil-infesting stage, it 
does spend a considerable part of its life in the soil. After the pupa 
transforms, the beetle often remains in the soil a number of days, and 
the female returns several times for oviposition. It is therefore neces- 
sary to consider the adult, in this investigation, as a soil-infesting stage 
of the insect. 

The adults were gathered, in the early morning, from unsprayed 
orchards or fields, and were brought to the laboratory. After being 
placed in cages, they were submerged in water at 112°F. for different 
periods of time. They were then removed, and were kept in suitable 
cages supplied with food, where they were observed until the effect of 
the treatment was determined. 

It was found that the adult is the most easily killed of all stages of 
the beetle. When it first appears, it can be killed by submergence for 
20 minutes. When the period of senility begins, adults become more 
susceptible to the treatment. As the period progresses, it is possible 
gradually to decrease the exposure necessary to kill them. At the end of 
August, adults can be killed by submerging them for fifteen minutes. 


TREATMENT OF INFESTED SOIL 


Hot water was found to be as effective in killing eggs, larvae, pre- 
pupae, pupae, and adults in soil as it was in killing them when they had 
been removed from the soil. If a mass of soil is submerged, and left un- 
til the temperature is 112°F. throughout, and kept at that temperature 
for a period of time necessary to kill the most resistant stage of the insect 
present in the soil when the same stage is treated in a naked condition, 
it is possible to assure destruction of all living forms of the beetle in the 
soil. The pre-heating necessary to raise the temperature of the mass 
of soil to 112°F. weakens the beetle, to some extent, and makes it more 
susceptible to the treatment. The pre-heating period can therefore be 
considered a safeguard in commercial practice. 
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PROGRESS WITH THE IMPORTED PARASITES OF THE 
JAPANESE BEETLE DURING 1927! 


By H. W. ALLEN and H. A. Jaynes, United States Department of Agriculture, 
Bureau of Entomology* 


ABSTRACT 

This paper is a progress report on the work of introducing parasites of the Japanese 
beetle (Popillia japonica) during 1927. Centeter cinerea increased its area of dis- 
tribution, but is being imported for further colonization. Ochromeigenia ormioides 
has not yet been recovered, but recoveries were made of both Prosena siberita and 
Dexia ventraits. Further liberations were made of these three fly parasites. Tiphia 
popilliavora has increased rapidly from the small beginning previously reported. 
Ttphia vernalis and Tiphta No, 1851° were liberated in large numbers but have not 
yet been recovered. Importations have been continued on the Indian Tiphias Nos. 


2036 and 2049. Some parasite material was forwarded to the substation at West- 
bury, Long Island, New York. The paper is concluded with a brief résumé of the 
work accomplished since 1920. 

This paper is a report on the progress during 1927 with the intro- 
duction of insect parasites of the Japanese beetle into the New Jersey- 
Pennsylvania area, and is a continuation of a series of short papers 
presented in this JouRNAL.* 


DISCUSSION OF THE VARIOUS SPECIES OF PARASITES 


Centeter cinerea Ald. This tachinid, which oviposits on the thorax of 
the beetle, was established in 1923, and its known area of distribution 
has gradually increased. This species was found over an area of approxi- 
mately 12 square miles in 1924, 48 square miles in 1925, 60 square miles 
in 1926, and has increased its area to 75 square miles in 1927. At the 
beginning of beetle emergence the past season, Centeter parasitism ran 
as high as 10 per cent, but dropped very rapidly as the beetles became 
more abundant. When compared with its status in northern Japan, 
it has not yet done as well in New Jersey and Pennsylvania as was ex- 

1Contribution No. 24, U. S. Department of Agriculture, Japanese Beetle Labora- 
tory, Moorestown, N J. 

Acknowledgments are made to Mr. J. L. King, who is in charge of the parasite 
work at the Japanese Beetle Laboratory, and to Messrs. J. K. Holloway, R. W. 
Burrell, M. C. Swingle, and E. T. Lundberg, who, with the authors, assisted in the 
biological control work reported in this paper. 


‘Laboratory numbers have been used for certain species of Tiphia pending their 
description or definite determination. 

‘See preceding paper by King, J. L., Allen, H. W., and Hallock, H. C., on ‘‘The 
Present Status of the Work on the Parasites of Popillia japonica Newman,” Jour. 
Ec. Ent., Vol. 20, pp. 363-373, 1927, for a list of the previous reports. 
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pected. This parasite may do better as it extends northward. Al. 
though parasitism was somewhat higher this season than last, not 
enough parasitized beetles could be collecte for subcolonization. To 
furnish material for northward colonization, umportations were renewed, 
and 142,000 parasitized Popillia japonica beetles were received from 
Japan for liberations in 1928. 

Ochromeigenia ormioides Tns. This yellow tachinid, a common par- 
asite of Popillia in eastern Asia, has not yet been recovered. During the 
summer of 1927, approximately 15,000 beetles were collected at the 
colonization point, but no Ochromeigenia was obtained from them. 
Releasements were continued in the usual manner, 731 adults being 
liberated at the same locality in Riverton, New Jersey. This makes a 
total of 900 males and 979 females released at this point in the past four 
years. 

Prosena siberita Fabr. This dexiid parasite of the Japanese beetle 
grub from Japan was for the first time definitely recovered in the summer 
of 1927, following continuous colonization since 1923. The recovery 
consisted of two puparia from grubs, and one fertilized female taken 
within a half mile of the center of the Moorestown, New Jersey, colony. 
No recovery has been made from the other releasement at Holmesburg, 
Pennsylvania. Liberation was continued at the Moorestown colony 
center, mated females being released instead of the unmated adults as in 
previous years. Altogether 1,888 adults were liberated, of which approx- 
imately half were mated females. This season’s emergence was 2,024 
adults, obtained from 49,000 Japanese beetle grubs. Over a hundred 
mated females were used to start propagation experiments, which, if 
successful, will allow the discontinuation of the highly expensive im- 
portations of this parasite. 

The method of mating in large outdoor cages covered with black 
mosquito netting, first used in 1926, was continued in 1927, with very 
satisfactory results. The cages were 8 feet square and 6 feet high. About 
700 individuals were confined in each cage, care being taken to confine 
the females with at least an equal number of males which averaged 
somewhat older than they. 

Dexia ventralis Ald. One of the most encouraging developments of 
the season was the recovery of this Korean dexiid fly from the point of 
liberation for the previous season, at Haddonfield, New Jersey. Since it 
was released as an adult, it must have passed through at least one com- 
plete generation in the field. Adults of a second generation were ob- 
tained in the insectary, but were never found in the field. 
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Shipments from the Orient have been continued, five consignments 
being received from Korea between May 31 and September 6. From 
these, 2,813 adults were obtained for use at this station, and 2,164, 
including 1,052 females, were released at a colonization point at Moores- 
town, New Jersey. The remaining females were used for propagation 
purposes, and from them approximately 1,700 parasitized grubs were 
obtained for further work next season. 

While it is yet too early to state certainly that this parasite has 
gained a foothold, two very satisfactory colonizations have been made, 
and its reaction to the local environment has been most gratifying. 

Ziphia popilliavora Roh. This late summer 7iphia from Japan, 
which was recovered for the first time in 1926 over a small area at one 
location near the Riverton laboratory, appeared in surprising numbers 
in 1927. This season’s adults were found at three of the four coloni- 
zation points, and the largest colony extended over a square mile. At 
its center, the adults literally swarmed over the bloom of wild carrot 
(Daucus carota). Their abundance is indicated by the fact that eleven 
hundred females were obtained for subcolonies, without visible deple- 
tion of the “mother” colony. The second largest colony covered about 
a half square mile. 

It is of interest to note that, with this species, definite establishments 
have been obtained from very small releasements. The largest colony 
has developed from a few adults of both sexes liberated in 1921 and 
1922, which was not detected until four years after liberation. The 
second largest colony has developed from 45 reared and mated females 
released in 1922, and 9 in 1923, which is the strongest releasement of 
imported popilliavora ever made at one point. The third establishment 
resulted from the liberation of 3 females in 1921, and 6 females in 1923. 
The fourth releasement, from which no recovery has been made, con- 
sisted of 43 females somewhat weakened by the long trip from Japan. 
It was not made until 1925, and is, therefore, three to four years more 
recent than the known establishments. 

In order to hasten the general distribution of this parasite throughout 
the heavily infested beetle area, subcolonization has been attempted. 
Basing our judgment on the past success of small liberations, it has been 
thought best to continue to liberate in relatively small units, and to 
distribute these as widely over the heavily infested area as our collec- 
tions will allow. This season, nine sub-colonies, each of 100 field collect- 
ed-females, were made near the following towns: Collegeville, Emilie, 
and Bustleton in Pennsylvania, and Ellisburg, Vincentown, Parkville, 
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Berlin, Columbus, and Tabernacle in New Jersey. In addition, 2,957 
Japanese beetle grubs containing the eggs of popilliavora were placed 
under the sod in an old orchard near Birmingham, New Jersey. These 
parasitized grubs were obtained from 100 females collected in the field 
and maintained in the insectary. 

During the winter of 1925-1926, 7,707 cocoons of a Chinese strain of 
popilliavora were received at Riverton. In 1926 none of this material 
emerged, except from a small portion of the lot forced in a warm room 
at the end of the season, for experimental purposes. In the winter 
of 1926-1927 another shipment of 7,910 cocoons was received. Dur- 
ing the past summer, 327 adults emerged from the cocoons which had 
passed through their second winter, but none were obtained from the 
1926 material, except a few that were forced. One of the unexpected 
developments of the season has been this indication of a two-year 
cycle in New Jersey for a species having, so far as is known, but one in 
its native habitat, while its Japanese counterpart, with which it is mor- 
phologically identical, has only a single-year cycle, both here and in its 
native habitat. 

Two hundred and thirty-two mated females of the Chinese strain, 
obtained between October 12 and November 2?, were liberated at 
Woodbury, New Jersey. This is rather late for 77phia in the adult 
stage here, although the same species occurs in the cool fall weather in 
China. The strain is exceptionally hardy, both in the adult and the co- 
coon stages, and parasitizes Japanese beetle grubs as readily as the 
Japanese strain. 

Eight hundred and thirty cocoons of a Korean strain of the same 
species were received early in 1927. From this lot 45 females were ob- 
tained, which were mated in the insectary, and released near Moores- 
town, New Jersey. This strain also parasitizes Japanese beetle grubs 
quite readily. It has a one-year cycle under insectary conditions in New 
Jersey, but emerges somewhat later than the established Japanese strain. 

7iphia vernalis Roh. This early spring emerging species from Korea, 
which was first released in 1925, and for the first time in a large way in 
1926, has not yet been recovered after a full generation in the field. 
However, living pupae from last season’s liberations of parasitized 
grubs were recovered as late as June 7 of this year (1927), and a cocoon 
from which an adult had emerged was unearthed, although no adults 
were recovered in the field. 

Importations and liberations are being continued as in previous years. 
Two lots of cocoons, totaling 6,720, were received in the fall of 1926, 











~I 


™ @D brs 


= rr 

















December, '28] ALLEN & JAYNES: JAPANESE BEETLE PARASITES 827 


from which only 332 parasitized grubs were obtamed for liberation 
during the following spring. Shipments of adults have been continued, 
and this has proved to be, by far, the best way of importing the species. 
Two consignments were received in June, with 79.2 and 37.7 per cent 
alive and in good condition on arrival, which yielded a total of 3,736 
females. ‘The success in obtaining adults direct from Korea seems 
quite remarkable, considering the long voyage, and it is due, in a large 
measure, to the use of an improved shipping container, which carries a 
solid, non-fermenting food, and a layer of moist soil for shelter. 

As we had, for the first time, an abundance of material for liberation, 
it was thought best to vary the methods of releasement by selecting a 
number of locations, and liberating both females and parasitized grubs, 
in order to increase the chances of success. The previous colonization 
point near Moorestown, New Jersey, was discarded, as it had proved 
too wet, and the development of soil insects there appeared unduly 
retarded. Three locations, in soils of different types, but all well drained 
and heavily infested with Japanese beetle grubs, were selected, at 
Philmont, in Pennsylvania, and at Merchantville and Berlin, in New 
Jersey. At these three locations, 16,660 parasitized grubs and 4,107 
field collected females were liberated. Subsequent diggings indicated 
that parasites released with host grubs came through to the cocoon 
stage, and that released females actually attacked grubs in the field and 
deposited eggs upon them. 

Tiphia No. 1851. Work has been continued with this red-legged 
species from southern Japan. Before liberations were made this year, 
scouting was done for possible adult recovery, with negative results, 
although eggs were found last year on grubs in the field shortly after 
mated females had been released. Further releasements were made at 
Merchantville, New Jersey, and consisted of 4,700 grubs bearing the 
eggs of the parasite, which were placed under the sod, and of 100 mated 
females. The material was obtained from 1,760 cocoons received in 
December, 1926, from which 219 males and 233 females emerged. 
Mating and propagation were quite successful, and large numbers of 
parasitized grubs were obtained. This is one of the few species of 
Tiphia which we have as yet been able to handle in the cocoon stage 
with a moderate degree of success. 

Tiphia No. 2049. This small, delicate, Indian species has been im- 
ported for two years. Up to date, not enough individuals have been 
obtained for colonization, or even for a detailed study. All the material 


which was carried through its second winter in 1926-1927 died during 
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the past summer, without appreciable emergence. In addition, 18,600 
cocoons were received during the early part of 1927, but, like those 
of the previous year, they passed into the second winter without emer- 
gence. 

Tiphia No. 114. No recovery has been made from the 1926 coloni- 
zation of this spring-emerging species from China. No further material 
has been received, owing to the curtailment of work in China. 

Tiphia No. 2036. From a shipment consisting of 1,823 reared cocoons 
and of 420 field-collected cocoons of this Indian spring-emerging species, 
which was received at Riverton in October, 1926, no adults emerged. 
Another shipment of cocoons arrived this fall, in which a considerable 
percentage was emerging prematurely. The 55 living females obtained 
were placed with grubs of the Japanese beetle, but failed to oviposit. 
The 2,198 unemerged and, apparently, healthy cocoons, are being 
carried to their normal emergence period in the early spring. 

In addition to the work of receiving, handling, and liberating im- 
ported parasites, several consignments have been forwarded from 
the New Jersey station to the substation at Westbury, Long Island, for 
trial against the Asiatic beetle, Anomala ortentalis, and against Aserica 
castanea, of which there are infestations at that point. The principal 
shipments made for this purpose were of 387 adult 7iphia vernalis 
and of 1,140 puparia of Dexia ventralis, from our receipts from Korea, 
and of 125 female 7iphia popilliavora collected at Riverton for sub- 
colonization. 


REVIEW OF THE WorK ACCOMPLISHED 


Sixteen species and strains of parasitic and predacious insects (Table 
1) have been imported in a large way since 1920. Three of these have 
been dropped, as being of no value against the Japanese beetle. Work 
was done with twelve during the past season, ten being received and 
seven released. The number of species and strains handled (Fig. 55) 
have gradually increased. They reached a high point in 1926, with a 
total of 11 received and 7 liberated, and decreased only slightly during 
the past season. The total number of individuals received alive (Table 
2), based in part on estimates following examination made at arrival, is 
slightly over 504,000, and the number actually liberated is 72,174. 
These numbers seem rather low when compared with some of the other 
parasite introduction projects, but it should be remembered that most 
of the parasites of the Japanese beetle are confined to the soil throughout 
most of their life cycle, which greatly increases the labor of handling, 
for each unit obtained. The number of individuals released (Fig. 55), 
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which, for several years past, has varied between 6,000 and 10,000, 
made a great jump to 30,694 during the past season. The record of two 
establishments, two additional species recovered after at least a full 
generation in the field, and two others recovered in a different stage from 
the one released, is a notable advance from one establishment and no 
recoveries recorded in 1925. The totals of individuals (Table 2) indicate 
that the largest liberations have been of 77phia vernalis, Centeter cinerea, 
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Fic. 55.—Showing the yearly totalsfrom 1920 to 1927 of the number of parasites 
liberated, the number of species received, liberated, recovered and established. 


and Scolia manilae, in the order named. Rated as the largest impor- 
tation, in respect to numbers received alive, Centeter exceeds all others 
combined, with a total of over 360,000. In the case of Tiphia vernalis 
and 7iphia No. 1851, the number of individuals available for release- 
ment has been multiplied by using the imported females for the pro- 
duction of eggs, allowing more to be liberated than the total number 
received. Improvements in methods of insectary propagation have 
been made this season with other species, notably with Dexia ventralis 
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and with Prosena stberita, the final results of which do not appear in this 
report. In a number of cases, as with Centeter and with the two Indian 
species of /1phia, large numbers, which were received in resting stages, 
will be held for emergence until next season, and will not be recorded 
among the liberations until then. 





OBSERVATIONS ON THE SNOUT-BEETLE, £\O7US NASO LEC.,, 
ON APPLE TREES AT YAKIMA, WASHINGTON 


By M. A. YotHers, Associate Entomologist, Deciduous Fruit Insect Investigations, 
Bureau of Entomology, United States Department of Agriculture 


ABSTRACT 

The species is recorded as feeding on apple buds for the first time. There are 
observation on the feeding habits, oviposition and life history. 

With the exception of the discussion of it by Chase,' there seems to be 
no reference to this curculionid (fig. 56) in the literature of economic 
entomology. Having had an opportunity for making certain obser- 
vations, therefore, the writer presents the following. 

When Chase made his observations on this weevil, it was supposed 
that it was a native feeder on the sage (Artemisia spp.) along with a 
number of other curculionids, some of which were reported upon by 
the writer? as feeding upon the buds of young fruit trees in the State of 
Washington. It was, therefore, somewhat surprising to find consider- 
able numbers of this species on three-year-old apple trees set out in an 
old orchard well within an old orchard district. Mr. E. J. Newcomer 
and the writer found considerable numbers of these weevils in the C. O. 
Adams Orchard, one-half mile south of the town of Yakima, Wash., 
in late April and early May, 1925. 

At the time the bud weevils were first discovered, April 25, the apple 
leaves were well out, and it was not possible to tell how much feeding 
had taken place upon the leaf buds, but occasional feeding punctures 
were observed on the leaves, indicating that the weevils had been eating 
there also. At 11 to 12 o’clock A. M., nearly all of the weevils were in 
pairs and in the act of copulation. Only very rarely was an unmated 
individual observed. They were sitting in pairs on the leaves, the leaf- 
petioles, the twigs, and within the half-opened young leaves. When 


Chase, G. M. The Snout Beetle or Bud Weevil. Jn Wash. State Hort. Assoc. 


Rpt. 7th, p. 91, 1911. 
*Yothers, M. A. Bud-weevils and Other Bud Eating Insects of Washington. 


Wash. State Exp. Sta. Bul. 124, Feb., 1916. 
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disturbed, they fell quickly to the ground, where, owing to their color, 
they were lost to sight. On the ground under the trees a few dead indi- 
viduals were found. Although the sex of these was not determined, it is 
probable that they were males, since male specimens kept for obser- 
vation in the laboratory soon died, whereas 
females lived much longer. 

In one test, four males, confined alone in a 
glass dish and given apple, peach, and pear 
leaves for food, ate of each during a period 
of two days, but were all dead at the end of 
6 days. 

Another lot of four pairs was placed, on 
April 30, in a glass dish with apple, peach, 
and pear leaves for food. On May 2, the 
weevils had eaten slightly of each kind of 
foliage. In the folded edges of the leaves 
they had deposited four groups of eggs 
co1.taining the following numbers: 12, 13, 18, 
26. These eggs were white, translucent, 
cylindrical, with obtuse ends. The egg- 
masses were deposited within the folds made 
of the edges of the leaves folded over, and 
were sealed with a sticky substance. 





During the period of observation of the 
above four pairs, April 30 to May 2, they _ . | 
were observed many times in the position 700. Se ee ee 

, ; 7 curculionid sometimes found 
and several times in the act of copulation. eating the buds of young 

On May 2, this lot of four pairs of weevils apple trees in the state of 
was transferred from the small glass dish toa Washington. Magnified 
flowerpot-chimney cage, the pot containing bout © times. 
slightly moist earth. In this cage the weevils were confined during the 
remainder of the observations. The record of activities between May 2 
and May 11 was lost, and it is therefore impossible to state what 
foods were eaten, and what eggs were deposited during that period. 
On May 11, however, three beetles were still alive and active—two 
females and one male. The record of these is given in Table 1. 

While the information is meager and incomplete, it seems that under 
artificial conditions, at least, this weevil will eat leaves of apple, peach, 
pear, poplar, locust, and lamb’s-quarters, but that it did not appear in- 
clined to eat dandelion, violet, or sunflower leaves. Further tests 
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might show that these last-named might also be food plants, or that 
some of those plants fed upon in cages might prove unattractive to 
the weevils in nature. 

It is not known how many eggs are laid on the average by this weevil, 
but evidently each female deposits several groups, each group con- 
taining from 10 to 25 eggs. Two females (Table 1) deposited at least 13 
such groups, three of which contained an average of 1234 eggs. Four 
other groups averaged 174 eggs, with a minimum of 12 and a maxi- 
mum of 26. It is probable that an average of about 100 eggs may be 
laid per female. 

Observations on deposition, hatching, and incubation of eggs are 
shown in Table 2. 

TABLE 2. DeEpoOsITION, INCUBATION AND HATCHING RECORD OF EGGs OF THE 

CuRCULIONID Evotus naso LEc., YAKIMA, WASH., 1925. 


Number Date Eggs Date Eggs Number of Number of Days 
of Eggs Deposited Hatched Eggs Hatched of Incubation 
69 May 2 May 28* Many 26 plus 
28 May 16 June 11 7 26 
June 12 10 27 
June 13 7 28 
June 14 3 29 
June 15 | 30 
10 May 17 June 15 5 29 
? May 28 June 17 5 26 
June 18 2 27 
? May 26 —— — 
? May 28 - . . — 
? June 1 June 29 2 28 
? June 6 oni 
? June 9 July 1* several 22 plus 
July 3 2 24 
? June 18 — : — 
14 June 22 July 10 2 18 
July 11 2 19 
July 14 2 22 


? June 25 
? July 6 - - — 

*Larvae hatched out and dead. 

It is not known when oviposition begins in the spring, but it is prob- 
ably in late April or early May. Females under observation from 
April 30 to May 2 deposited eggs within leaves in cages, and it is there- 
fore reasonable to suppose that this species was depositing eggs in the 
orchard at the same time. Whether they deposit their eggs, under 
normal conditions in the orchard, within folds of the leaves, is not 
known, but no such egg-masses have been seen on the trees. Apparently 
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the deposition period extends over a rather long period of time—at 
least from late April to early July. The incubation period for eggs is 
from 18 to 30 days, with an average of about three to four weeks. 

One female lived at least 75 days, and another at least 60 days, 
How long these had lived as adults before observation is unknown, but 
it is probable that they had been adult for some time. 

Apparently the weevils cease to eat several days before they die 
(Table 1). 

Attempts to rear the young larvae in small tin pill boxes, filled with 
fibrous roots and slightly moist earth, failed, and nothing further was 
learned of the growth and development of the larvae 


» ARE CODLING MOTHS ATTRACTED TO LIGHTS? 


By M. A. YotHERs, Associate Entomologist, U. S. Bureau of Entomology, 
Yakima, Wash. 
ABSTRACT 

For many years entomologists have agreed that the codling moth, Carpocapsa 
pomonella L., is not attracted to lights. A test, in 1926, with light in a closed storage 
room, in which codling moths were emerging, however, showed that they were readily 
attracted to a small light. <A test in an orchard subsequently showed them only 
slightly attracted to a light trap in a tree top. Another test, in 1927, which was 
much more comprehensive, showed them readily attracted in large numbers to vary- 
ing intensities of light in light traps operated under normal orchard conditions. 

Since the publication, in 1902, of Slingerland’s' report of experiments 
with trap lanterns for capturing injurious insects, entomologists general- 
ly have agreed with his conclusion that the codling moth, Carpocapsa 
pomonella L. is not attracted to lights. With the exception of this test, 
however, little has been done upon this particular phase of codling- 
moth control. Nevertheless, hight traps of various kinds have been 
offered to the public from time to time, and the claim has been made 
for them by the manufacturers that they were effective in attracting 
and capturing the codling moth as well as other insects. It has been 
customary for entomologists to discountenance these claims without 
investigation, assuming that the conclusions reached in 1902 could be 
accepted as final. A recent revival of interest among entomologists 
and the laity in the various supplementary measures for codling-moth 
control has led the writer to make tests of a number of these, including 
the use of lights. 


11 


‘Slingerland, M. V. Trap Lanterns or ‘‘Moth Catchers."’ Cornell University 
Agr. Exp. Sta. Bul. 202. 1902. 
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Tests WitH Licuts AND Bait In ATTRACTING CopLING MOTHS IN A 
Fruit STORAGE Room 


On June 10, 1926, when the writer entered a dark, tightly-closed 
fruit storage room in which several thousand apple lug boxes were 
stored and switched on the lights, he noticed many coding moths 
fluttering about them. This suggested to him the idea that possibly, 
under these conditions, the moths might be attracted to lights. It was 
learned that the boxes had been used the previous season and were to be 
stored here until midsummer, when they would be used again, after 
the moths had emerged and died. The temperature of this room was 
much below that outside, as was shown by a thermograph placed in it 
later on. The low temperature had retarded moth emergence, but just 
how much could not be determined, since this was the first observation 
in the storeroom. Moth emergence began in the orchard about April 
16-20, and was practically over by this date (June 10), but was not 
completed in this storeroom until July 4 

On June 10 six 1-quart fruit jars containing fresh apple-ferment bait? 
were placed upon the tops of stacks of boxes in the storeroom, at varying 
distances (from 5 to 50 feet) from a single 25-watt carbon electric light. 
In addition, a 6-gallon can containing about 3 gallons of the same bait 
was placed about 10 feet from the light. Aside from this hght the store- 
room was in continual darkness. Three days later the jar 5 feet from 
the light had 4 females and 1 male moth and the large can had the same, 
whereas all other jars at greater distances from the hght had caught 
none. This test indicated that in the storeroom the hght had greater 
attraction to the moths than the bait. (Table 1 

During the next 3-day period the only change made in the test was to 
place the large can directly underneath the light and about 1 foot below 
it. Some time during the period the light burned out, so it was not 
known how long the moths were subjected to it. The jar 5 feet from 
es and 1 male, the one 10 feet distant 


the light had attracted 3 femal 
had attracted a single female, and all the other jars were without moths; 
but the large can under the light had attracted 733 moths, of which 58 
per cent. were females. This great number of moths attracted to a 
single small hght during an unknown part of a 3-day period was, to 
the writer, rather astonishing, inasmuch as the moths were not supposed 

2Apple ferment is one of the baits used in attracting codling moths. It is prepared 
by grinding 1 pound of apples and then cooking them in 1 gallon of water. After 


this has cooled one-half pound of brown me-half ounce (1 cake) of fresh 


yeast are added to it 
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to be attracted to light at all. At the next examination, 23 hours later, 
the jar 5 feet from the light had 3 females and 1 male and all others 
had none, but the can under the light had attracted 1,100 moths, of 
which 60 per cent. were females. 

During the next 24 hours the following test was made: In addition to 
the jars and the large can under the light, a large can containing water 
only was placed under another light about 40 feet distant from the first. 
In this test the bait can caught 217 moths, of which 61 per cent. were 
females, and the water can caught 193, of which nearly 65 per cent. 
were females. This indicated that it was the light and not the bait that 
attracted the moths, and that they fell into the water and the bait in 
about equal numbers more or less accidentally, from exhaustion or other- 
wise, while they were about the lights. 

After this test the use of the water can and the light with it was dis- 
continued. The two large cans had together attracted 410 moths on 
the night of June 17, whereas only one of them had attracted 1,100 
moths the night before, which indicated that the peak of moth emer- 
gence, or at least of moth attraction, had been reached. ‘Thereafter 
daily captures became less and less until July 4, when the last moths 
were captured. 

In these tests a total of 4,006 moths were captured, of which 59.16 
per cent. were females. Granted that both sexes are about equally 
attracted to light, this percentage would give about the normal pro- 
portion of the sexes, because none of either had had an opportunity to 
escape. This proportion of the sexes also agrees with the proportion 
captured in trap baits in orchards. Of 18,448 moths captured in bait 
traps in the years 1923, 1925, and 1926, 57.34 per cent. were females. 

Of course the unusual and abnormal conditions under which these 
tests were conducted justified the drawing of no conclusion regarding 
the attractive value of such a light in an orchard, under normal con- 
ditions; tests were therefore undertaken to determine this point. It is 
well known that the codling moth flies readily to windows when it 1s con- 
fined within a room, and remains there endeavoring to escape until it 
dies. In so far as this test is concerned, it might be that this endeavor 
to escape is the only significance of the attraction to the hght 

Test IN 1926 WitH An Evectric-Licut Trap IN AN ORCHARD 
(TABLE 2) 

On July 14, 1926, a device consisting of an electric hght surrounded 
by a framework of electrically charged wires was hung in a tree about 10 
feet from the ground, in an orchard known to be pretty well infested with 
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codling moths. Underneath this electric trap a large tub was suspended 
to catch as they fell toward the ground any insects killed by the machine. 
The light used in the trap was of 60-watt intensity. This trap, operated 
during the period July 14-19, attracted and killed many insects of 
several kinds, including about three dozen Chrysopas, but only two 
codling moths, although plenty of moths must have been present, as 
indicated by the contents of bait traps placed elsewhere in the orchard. 

On July 19 the light was supplemented by 4 gallons of apple-ferment 
bait placed in the tub beneath the light. This attracted 27 moths 
during the three nights, indicating that the bait and light were more 
attractive than the light trap alone. During the next three nights 
the bait tub, operated without the light trap, captured 44 moths, 
indicating that the bait alone was more attractive than the light alone 
or the bait and light together. ~Further tests, during the next five 
nights, with the light trap and the tub with water resulted in the capture 
of 15 moths—far less than were captured in the bait for a 3-day period. 

These tests showed, however, that some moths may be attracted to 
lights even out in the orchard. 


TEsTs IN 1927 WitH Two Types or ELectric-LiGut TRAPS 
(TABLE 3) 

On August 2, 1927, two electric-light traps were installed in two 
small blocks of badly infested fruit trees. One trap was the electric 
device discussed previously, but in this case it was suspended on a wire 
midway between the tops of two trees, the tub for catching the killed 
insects being suspended between two poles just under the trap. The 
other trap consisted of a metallic pan about 2 feet in diameter, from 
which arose four uprights supporting a metallic roof from which an 
electric light was suspended. The trap was merely a receptacle for oil 
or other material used to catch the insects attracted to the light, and a 
support for a light. Both of these traps are patented insect destroyers. 
They were operated over a period of 35 days, red, blue, and clear lights 
of varying intensities from 10 watts to 200 watts being used, these at 
times being supplemented with molasses-ferment bait. The two traps 
are not meant to be comparable, although each was situated in its own 
small block of about a dozen badly infested trees, and each was located 
the same distance from a larger and badly infested orchard. 

Although the results of this test indicate a number of interesting 
points, the main thing is that considerable numbers of codling moths 


‘Molasses ferment bait consists of 1 part of molasses to 10 or veen 30 parts of 
water to which is added about one-half ounce (1 cake) of fresh yeast. 
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were attracted to these lights out in the orchard under normal con- 
ditions of severe infestation, which is con*rary to former experience along 
this line. A total of 802 codling moths were captured in these two 
traps, practically all by the lights alone, as the addition of baits late in 
the season did not incfease the catch. 


TABLE 1. NUMBER OF CopLING Motus CAPTURED AT LIGHT AND Bait TRAP 
IN FruIT STORAGE Room, YAKIMA, WASH., 1926. 


Date Trap Time Number of Moths Captured Total No. 
Exposed Female Male of Moths 
Days 
June 13 Bait 10 ft. from light 3 3 ] 4 
June 16 Bait under light* 3 425 308 733 
June 17 do 1 650 150 1,100 
June 18 do l , 133 S4 aus" 
Light with water below 1 125 68 193** 
June 19 Bait under light l 165 114 279 
June 20 do | 65 72 "Yaa 
June 21 do 1 148 95 243 
June 22 do l 143 128 271 
June 23 do l 157 122 279 
June 24 do ] 114 72 186 
June 25 do I 82 1 122 
June 26 do ] 63 36 ay 
June 27 do l 37 14 51 
June 28 do l 20 14 34 
June 29 do l 10 4 14 
June 30 do l 11 > 16 
July 1 do | a 1 11 
July 2 do l 9 3 12 
july 3 do l 2 I 3 
July 4 do l l l 2 
July 5 do 1 0 0 0 
Total 2,370 1,636 1,006 


*Six-gallon can containing apple-ferment bait (described elsewhere) placed 1 foot 


below the 25-watt carbon electric light. 
**Two cans operated simultaneously, one containing water, the other apple- 
ferment bait. Both placed under light of same intensity, and about 40 feet apart. 
***T wo factors tended to reduce this number caught: Too many large particles of 


apple covering surface of bait, and lower temperature. 
g 


Probably the number of moths captured does not vary uniformly in 
proportion to the intensity of the light, but there are instances which 
point in that direction, as in the case of the oil-and-light trap on August 
5, when the capture jumped from 5 moths caught with a 10-watt light 








1 
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to 50 caught with a 60-watt light; and again on August 17, when 76 
moths were caught with a 200-watt light and only 4 the night before 
with a 100-watt light. Red or blue lights of 10-watt capacity do not 
appear particularly different in attractive capacity from the clear 
lights of the same power. It is apparent that the catches are not en- 
tirely accidental, since no moths were caught on any night when the 
lights were off, as on August 8 and 25 in the case of the oil-and-light 
trap. 

When the temperature falls below a certain point codling moths 
apparently react to lights in the same manner as they do to baits. This is 
shown very significantly by the low captures on August 12, 13, and 14, 
when the mean temperature dropped from around 78°F. to about 
56°F. (Table 3.) Captures in bait traps at this same time dropped 
from around 1,000 moths to 11 moths on the 13th. 

The capture by the two light traps averaged together 22.92 moths 
per day for the whole period they were in operation. During the period 
(August 3 to 25) when the moths were abundant and active, as shown 
by bait traps near by, the moths captured by the two traps averaged 
$2.68 per day. 

In conclusion it may be stated that, contrary to long-established 
belief, the codling moth can be readily attracted to lights under normal 
orchard conditions. These tests made do not prove, however, that such 


traps as were tried are of any considerable control value. 


TABLE 2. NUMBER OF CODLING Motus CAPTURED AT AN ELEcTrRIC LIGHT 
ELECTROCUTOR TRAP, YAKIMA, WasH., 1926. 


Date Trap or otherwise Time of Exposure Number of Moths 
Hours Captured 
July 15 Trap alone 24 0 
July 16 do 24 2 
July 17 do 24 0 
July 19 do iS 0 
July 22. Trap with bait below 72 27 
July 25 Bait alone 72 44 
July 28 Trap with bait below 72 * i 
July 31 Bait alone 72 12 
Aug. 3 Trap with water below 72 5 
Aug. 9 do 114 10 


*Light had burned only 2 nights. Moths appeared to be recently caught, as if 


after light had burned out. 
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TABLE 3. NUMBER OF CopLING Motus CaptureEpD aT Licut TRApPs, 


wu 


YAKIMA, WaAsuH., 1927. 








Electric Light Electrocutor Electric Light with Pan Mean 
Date Number of Number of Number of Number of Daily 
Light Watts Moths Captured Light Watts Moths Captured Temp. 
F. ' 
Aug. 3 60 25 10 7 76 
4 60 20 10 5 78.5 
5 10 12 60 50 78 
6 10 22 60 23 79 
7 10 3 60 16 76 
8 100 23 Off 0 775 
9 100 30 60 20 78 
10 60 25 100 17 76.5 
ll 200 34 100 ° 71 
$12 200 100 56.5 
(13 200 2 100 l 63.5 
14 200 10 100 5 72.5 | 
15 200 dO 100 6 78.5 
16 200 17 100 i 73.5 
17 200 30 200 76 775 
18 200 33 200 60 73.5 
19 Red 10 0 Blue 10 0 76 
20 Red 10 S Blue 10 3 74.5 
21 Blue 10 3 Clear 10 0 72.5 
$22 Blue 10 Clear 10 73 
(23 Blue 10 7 Clear 10 1 74.5 
24 Blue 10* 7 Clear 10 12 68.5 
25 Blue 10 i Off 0 63 
26 200 t 200 9 63 ' 
§27 200 200 69 
(28 200 5 200 7 63 
(29 200 200 58.5 
(30 200 l 200** 0 55.5 
31 200 3 200 0 59.5 
Sept. ] 200 10 200 2 63 
2 200 200 64 | 
3 200+ 0 200. 2 62.5 | 
4 200 5 200 3 62.5 ' 
5 200 1] 200 a) 61 
6 200 l 200 a) 538 
7 200 7 200 0 56.5 
8 Off 0 Off 0 A | 
Total 446 336 
Grand Total S02 
*Up to this time the tub beneath the trap was dry. Molasses bait was put in. 
**Up until this time the tub beneath the light contained clear oil. Molasses bait 
was put in. } 


tRenewed molasses bait with new. 
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SOME OBSERVATIONS ON THE NUMBER OF LARVAL INSTARS 
OF THE ORIENTAL PEACH MOTH, LASPEYRESIA 
MOLESTA BUSCK 
By ALvAH PETERSON, Senior Entomologist, and G. J. HAEUSSLER, Assistant 
. Entomologist, Deciduous Fruit Insect Investigations, Bureau of Entomology, 


United States Department of Agriculture 


ABSTRACT 

ty applying Dyar’s ideas that the width of the head-capsule of a lepidopterous 
larva is more or less constant for any instar of a given species and that suc- 
cessive larval instars of a given species show a more or less regular geometric 
progression in the growth of the head-capsules, oriental peach-moth larvae 
are found tof have four or five instars. 

The number of larval instars produced is correlated with the rate of larval 
growth. As a rule rapid ‘growth produces four instars and slow growth five 
instars. , 

Rapidity of larval growth is dependent upon at least two factors, temper- 
ature and food. High summer temperatures produce rapid growth while low 
temperatures, such as occur in the spring and fall, produce slow growth. 
Larvae develop somewhat faster in peaches than in apples under insectary 
conditions. 

The rate of development of individual larvae in a given food varies con- 
siderably. 

INTRODUCTION 


During 1926 it was learned that oriental peach moth larvae go through 
four or five instars before they are full grown. The facts showed clearly 
that larvae hatching 1n June had four instars while larvae hatching late 
in September had five instars. This difference aroused our curiosity, 
consequently, in 1927 the following observations were made to see if we 
could determine the factors correlated with this difference. 

Throughout the season several lots of eggs taken from the different 
broods (each lot had 500 or more eggs of the same age) were allowed 
to hatch on apples and peaches, and the larvae entered the fruit. Figure 
57 and Tables 1 and 2 show the brood from which the eggs came, the 
food the larvae were reared on, and the date when each lot was started. 
In 1926 daily cuttings were made of the fruit and ten to twenty larvae 
were removed, killed in hot water, and preserved in Kahle’s fluid. 
The results of the tests in 1926 taught us that daily removal was un- 
necessary, consequently, in 1927 the interval between the cuttings was 
48 to 72 hours or longer (see Table 2). The fruit was cut open and ten 
to twenty larvae were removed at each cutting. Cuttings were con- 


tinued until the first full grown larva had emerged and spun a cocoon. 
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ORIENTAL PEACH MOTH LARVAL INSTARS 
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Fic, 57.—Graph showing grouping of oriental peach moth larvae according 
to width of head-capsules. 
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As a rule no larvae were removed from the fruit after this period, except 
in series G. The fruit containing the larvae was kept in cloth covered 
6’ x 8” glass jars in an open screened insectary and subjected to the 


normal outdoor temperatures. 


OBSERVATIONS 
Dyar' has shown that the width of the head-capsule of a lepidopterous 
larva is more or less constant for any instar of a given species. Also the 
successive larval instars of a given species show a more or less regular 
geometric progression in the growtl 
If we apply Dyar’s ideas to the oriental peach moth the following 


facts are revealed. In Figure 57 the measurements of the widths of 


1 of the head-capsules. 


the head-capsules of larvae removed at regular intervals from fruit are 
not equally distributed between the minimum size (.220 mm.) and the 
maximum size (1.1SS mm.) but fall into groups. In series B, C and G 
there are four distinct groups or, according to Dyar, four instars while 
in series A, F and I there are five distinct groups or instars and in series 
D, E and H there are indications of five groups or instars, the question- 
able groupings occurring between .440 mm. and .S80 mm. If one 
assumes that the width of the head-capsule of a given instar is more or 
less constant then there are four or five instars in the development of an 
oriental peach moth larva 

Furthermore, according to Dyar, there should be a more or less 
regular geometric progression between the widths of the head-capsules 


of the several instars. Table 1 shows the growth ratio existing between 


the larval instars figured for the several broods reared on apples or 


ba 


peaches. In all cases it will be noted that the grand average ratio for 
larvae showing four instars is somewhere between .57 and .61 while 


with larvae showing five instars the grand average ratio is somewhere 


between .63 and .75. In the latter series there appears to be a slightly 
greater ratio between the later instars than with the early instars. 
The greater variation may also be due in part to the existence in some 
of the series (D, E and H) of larvae that had four instars. The ratios 
are ascertained by dividing the average measurement of a preceding 
instar with the average measurement of a following instar, 1.e., .222 mm. 
(first instar) by .872 mm. (second instar) equals .59. 

The ratio of .6S established by Dyar for the larvae of Papilio thoas 
which has five instars falls in between .63 and .75 which we have ascer- 
tained for oriental peach moth larvae having five instars. The vari- 
ations in the successive ratios ascertained for oriental peach moth 





'‘Dyar, H. G. 1890. ‘‘The number of molts of lepidopterous larvae.”’ Psyche, 
Vol. 5, pp. 420-422. 








S46 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


larvae showing either four or five instars are fairly constant and not 
great enough to indicate that a larval instar has been overlooked. 
This substantiates the belief that oriental peach moth larvae have four 
or five instars. 

The number of larval instars appears to be correlated with rate of 
development. If a larva develops rapidly as in series B, C and G (see 
Figure 58 and Table 2) when it took less than 14 days to obtain a high 
percentage of larvae with head-capsules measuring .924 mm. or larger, 
four instars occurred. If development is slow as in series A, F and I 
(see Figure 58 and Table 2) when it took 15 to 20 or more days to 
obtaina high percentage of larvae with head-capsules measuring .924 
mm. or greater, five instars occurred. 

In series D and E, third brood larvae, the development appears to be 
fairly rapid (Table 2), yet there is some indication of five instars, al- 
though this is not very definite. It is probable that most of the larvae 
in this series were four instar individuals. 

Rapidity of larval growth is dependent upon at least two factors, 
temperature and food. We will not go into an extensive discussion of 
this subject at this time. Our life history studies show that high summer 
temperatures produce rapid growth and the average time for a larva to 
complete its development in peaches is approximately 12 days. Early 
or late season temperatures are lower, especially at night, and the larvae 
require 15 to 20 days or longer, in peaches, to become full grown 

Larvae develop faster in peaches than in apples under insectary 
conditions. During mid-season the larvae remain in the apples about 
two days donger than in the peaches. This difference is more pro- 
nounced late in the season at lower temperatures. The influence of 
the food on the development of the larva and the number of instars is 
well illustrated in series F and G in Figure 58 and Table 3. These series 
were started on the same date yet the time of development varied 
sufficiently to produce a distinct difference in the number of instars, 
four occurring among the larvae in the peaches and five occurring 
among the larvae in the apples. 

Table 3 not only illustrates the decided difference in the rate of 
growth of larvae grown in apples and peaches but it also shows the great 
variation that occurs in the size of individuals on either fruit on a given 
date. Representatives of two or three instars may be found in the apples 
or peaches on certain dates even though all of the eggs hatched on 
the same day. This is particularly true about the time the first indi- 
viduals of a lot go into their last instar. 
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Fic. 58.—Graph showing growth of oriental peach moth larvae as 





determined by width of head-capsules. 
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CONCLUSIONS 
If we assume that Dyar’s idea on the possibility of ascertaining instars 


among lepidopterous larvae by measuring the width of the head-cap- 
sules is correct, then oriental peach moth larvae have four or five in- 


stars. 

The average width of the head-capsules of oriental peach moth 
larvae having four instars approximates .222, .362, .633 and 1.033 mm. 
while that of five instar larvae approximates .222, .348, .546, .746 and 


.993. The average ratios of growth between the four instars are .6], 
.57 and .61 or approximately .59 and between the five instars are .63, 
.63, .73 and .75 or approximately .68. The number of instars produced 
is correlated with the rate of larval growth. As a rule rapid growth 
produces four instars and slow growth five instars. 

Rapidity of larval growth is dependent upon at least two factors, 
temperature and food. High summer temperatures produce rapid 
growth while low temperatures such as occur in the spring and fall 
produce slow growth. Larvae develop somewhat faster in peaches 
than in apples under insectary conditions. 

The rate of development of larvae in a given food varies considerably. 


TABULAR DaTA 

Table 1 shows the average width in millimeters of the head-capsules 
of larvae of each instar. Twenty or more larvae were used to obtain 
each average. The table also shows the ratio of growth between the 
instars when four instars distinctly occur (B, C and G) and when five 
instars are indicated or distinctly occur (A, D, E, F, H and I). The 
determination of the number of instars and the limits of each instar was 
obtained from the information shown in Chart | 

Table 2 shows the average width in millimeters of the head-capsules 
of oriental peach moth larvae of varying ages. Ten to twenty or more 
larvae were measured to determine each average. The brood, food and 
hatching dates are indicated. 

Table 3 shows the difference in the rate of growth of larvae started on 
the same day (September 5) in peaches (series G) and in apples (series F) 
determined by measuring the width of the head-capsules. The number 
of larvae of each size for respective series at each age are shown. Note 
the decided difference in the size of the head-capsules of the larvae, 
particularly at the eleventh day and thereafter. All larvae in series‘G 
are in the last instar by the thirteenth day while in series F some of 
the larvae have not reached the last instar by the twentieth day. Also 
note the great variation in the sizes for both series at most ages, par- 
ticularly after the seventh day. 
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EXPLANATION OF CHARTS 

Chart 1 shows the irregular distribution or grouping of the larvae 
using the width of the head-capsule in millimeters as a basis for measure- 
ment. The larvae were removed from the fruit at more or less regular 
intervals (see Table 2). Nine series of observations are shown, one or 
more series from each brood. The location of the perpendicular heavy 
lines shows the respective widths of the head-capsules as indicated 
across the bottom of the Chart while the length of each perpendicular 
heavy line represents the number of larvae of each measurement as 
indicated by the numerals at the left of each series. 

Chart 2 shows the average rate of growth of larvae determined by 
the average width of the head-capsules of all larvae removed at more or 
less regular intervals. Ten to twenty or more larvae were measured to 
determine the average measurement at each age. Six series are shown, 
three of them, B, C and G, which are known to have four instars (see 
Chart 1), show rapid growth while the other three series, A, F and I, 
which are known to have five instars, show slow growth. Sernes D, E 
and H have been omitted from this Chart (see Table 2). 


A COOPERATIVE ESTIMATE OF THE LOSS CAUSED BY THE 
SUGAR-CANE MOTH BORER 
By T. E. Hottoway and W. E. Hatey, U. S. Bureau of Entomology 
ABSTRACT 

An account is given of the method of estimating the loss caused by the sugar-cane 
moth borer (Diatraea saccharalis) to the Louisiana sugar crop, as followed by the 
Bureau of Entomology and the Bureau of Agricultural Economics, U.S. Department 
of Agriculture. The effect on the Louisiana sugar industry of the publication of the 
first joint estimate is also noted. 

As far back as 1902 an attempt was made to indicate the loss to the 
Louisiana sugar crop caused by the sugar-cane moth borer (Diatraea 
saccharalis Fab.) In that year Stubbs and Morgan (1) stated that 
the owners of a Louisiana plantation had given them figures on plan- 
tation results for an average of eleven years during which the borer was 


absent as compared with an average of three years after the borer had 
invaded their property. “There was,” the plantation owners state, 
“a falling off of 4.98 tons (of sugar cane) per acre and about 25 pounds 
of sugar per ton.”’ In 1911 Barber (2) estimated a loss of 1,078 pounds 
of sucrose per acre in cases where all canes are bored, which is not very 
unusual. In 1919 Holloway and Loftin (3) accepted the former figures, 
and calculated an average annual loss for Louisiana at $7,287,000. 
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There is no evidence that these high estimates of damage created 
much excitement among those connected with the sugar industry. 
Perhaps the time was not ripe for such figures, and perhaps they were 
discounted as coming from persons who had no practical knowledge 
of the sugar industry, and whose estimates were therefore unreliable. 

In 1923, L. L. Janes, of the Bureau of Agricultural Economics, U. S. 
Department of Agriculture, proposed to the writers that they cooperate 
with him in estimating the loss caused by the sugar-cane moth borer. 
The writers agreed, and it was arranged that the two estimates should 
be obtained by entirely separate investigations, each office using its own 
methods. Mr. Janes obtained his figures by means of questionnaires 
sent to the planters. Taking their replies and checking the answers 
for one year against those for the previous year, he obtained figures 
indicating the loss, both in percentages and in tons of sugar. 

The writers based their estimate on personally conducted field exam- 
inations. Finding that an infestation in which every stalk was bored, or 
100 per cent, meant a loss of about one-third of the crop, they re- 
garded a 100 per cent infestation as a loss of 33.33 per cent. On this 
basis, then, a 50 per cent infestation would be a loss of 50 per cent of 
33.33 per cent, or 16.66 per cent. A 10 per cent infestation would be a 
loss of 10 per cent of 33.33 per cent, or 3.33 per cent and so on. 

When Mr. Janes and the writers had obtained their final figures for the 
crop of 1923, the two estimates were compared and it was found that 
they agreed in a surprising way. Since then, the same procedure has 
been followed year after year, and the result has always been an agree- 
ment within 1 or 2 per cent. Various details were taken into consider- 
ation, and a compromise figure was agreed on and published as the joint 
estimate. While the methods of estimating could, without doubt, be 
improved, yet it is believed that an estimate of loss is reached which for 
all practical purposes is correct. 

The first joint estimate was published early in 1924. This showed 
that for 1923 there had been the high loss of 23 per cent of the possible 
tonnage of sugar, while for 1922 it was indicated that there had been a 
loss of 17 per cent. An average annual loss was taken to be 19 per cent. 
These figures were widely published in the sugar journals, and at last 
the time had come when such estimates were to be taken seriously. 
The fact that two bureaus of the U. S. Department of Agriculture had 
collaborated in the making of these estimates doubtless had much to do 
with their acceptance. 








854 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


Before the first joint estimate was published, it was feared that the 
high loss shown might be taken as a basis for unfavorable criticism of 
agricultural institutions and officials, and this is exactly what happened. 
Experiment stations and the Department of Agriculture were denounced 
for allowing such high losses to continue. The Louisiana sugar industry 
was slowly being wiped out of existence by various causes, principally 
the mosaic disease, and it could ill afford to shoulder the terrific loss 
‘caused by the moth borer. 

The net result of all this criticism was beneficial, however. The 
planters and experimental workers got together as never before, meetings 
were held, popular articles were written and published, appropriations 
were obtained, and more recently practically the entire acreage has been 
planted to new and improved disease-resistant varieties of sugar cane 
following the advice of the Department and the Louisiana Experiment 
Station. 

The writers would not go so far as to say that the publication of the 
first joint estimate showing losses from the borer caused a revolution in 
the Louisiana sugar industry. On the contrary it was a case in which, 
owing to combined damage from disease and insects, either a revolution 
or extinction was imminent, and the cane planters chose the former. 
But the writers do believe that this first estimate was one of the im- 
portant factors which contributed to this fortunate result. 
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Annotated Bibliography of Wireworm Control Methods.—The writer is compiling 
a bibliography of papers relating to the control of Wireworms (Elaterid larvae). 
This Bibliography, containing summaries of the important papers, will be issued in 
bulletin form when completed. All American and foreign Entomologists who have 
published papers on Wireworms and their control, are requested to send copies of 
these papers to the undersigned, in order to make the Bibliography as complete as 


possible and to facilitate compilation. 
C. A. THomas, Pennsylvania State College Laboratory, 
Bustleton, Philadelphia, Pa 
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A NEW LEAF MINER INJURIOUS TO LARKSPUR (PHYTOMYZA 
DELPHINIAE FROST) 
By Grace H. Griswoip, Cornell University 
ABSTRACT 

Both the larvae and the adults of the larkspur leaf-miner (Phytomyza delphiniae 
Frost) injure the plant. The various stages of the insect are described and notes 
are given on its life history and habits. Two hymenopterous parasites have been 
reared from the pupae: Cyrtogaster liqueatus Ashm. and a new species of Opius. 
Control measures are briefly discussed. 

In June 1927 the writer’s attention was called to withered foliage on 
some plants of perennial larkspur (Delphinitum cultorum) in the gardens 
of the Department of Floriculture at Cornell University. Exami- 
nation showed that the injury was being caused by tiny white maggots 
which were mining in the leaves. Material was collected and eventually 
adult tlles were reared. When specimens were sent to Dr. S. W. Frost 
he found them to be a new species which he has just described (1928: 
77-78) as Phytomyza delphiniae. 

INJURY 

Injury to the plant is caused in two ways. Not only do the maggots 
mine in the leaves but the adult flies inflict considerable damage by 
their feeding punctures. The mine is of the blotch type. At first it 
appears as a puffed-up blister-like area, but when the larvae have made 
their exit the leaf tissue withers and turns brown. In many instances 
plants were found covered with leaves in which large areas were dead. 
There may be one mine in a leaf or there may be several in different 
sections of the same leaf. Where there are several in a single leaf they 
appear to have no connection whatever with each other. Usually a 
number of larvae feed together in the same mine. Two or three indi- 
viduals may be in close proximity while others are scattered about the 
edges. Sometimes, however, the maggots are concentrated in the 
same area. In one instance ten larvae were found feeding side by side in 
a single mine. 

As previously stated the adult flies cause considerable damage by 
their feeding punctures. The flies feed on the under surface of the 
leaves, gouging out small round holes which run through to the upper 
epidermis. The openings of these holes vary considerably in shape. 
They may be circular, oval, or irregular in outline. On the average 
they measure from 0.13 to 0.18 mm. in diameter. In one case 45 of 


these tiny holes were counted within an area of less than a square centi- 
meter at the end of a leaf. The edges of these tiny holes turn brown 


hu 
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and where a number of them are close together they coalesce so that an 
entire section of a leaf will die due to the feeding punctures of the adult 
flies. 

Lire History AND HaBITs 


The egg is pearly white in color and oval in outline. It is not quite 
‘ twice as long as wide. Measurements of several eggs showed them to be 
about 0.32 mm. in length and 0.17 mm. in width. The egg is laid ina 
puncture which the adult fly makes with its mouthparts. It is em- 
bedded in this hole so tightly that only with the greatest care can it be 
removed. 

When the larva hatches from the egg its position is such that it can 
at once begin to feed and start a mine. The shell evidently remains 
across the opening of the hole in which the egg was laid for the newly 
hatched larva appears to be protected by a thin membrane. When full 
grown the larva, which then measures about 3.5 mm. in length, leaves 
the mine through a small crescent-shaped slit. These slits appear on 
the under surface of the leaves and are about 2.5 mm. in length. 

After the larva has left the mine pupation occurs. At first the pupa- 
rium is dirty white but it gradually takes on a brownish tinge. Just 
before the adult emerges the puparium becomes dark brown, almost 
black. The puparia at first seem to stick to the leaves, but eventually 
some, at least, drop to the ground. When ready to emerge, the adult 
fly pushes out through one end of the puparium. 

The lengths of the egg and larval stages have not yet been determined. 
During warm weather in midsummer the pupal stage was found to be 
about 16 days. In September it was somewhat longer, while in October 
it was prolonged to over a month. This insect passes through several 
generations a year. It attacks not only the summer larkspur plants 
but it also mines in the leaves of the second growth which develops in 
late summer and early fall. In 1927 larvae were found in mines as late 
as October 27th. It is probable that the insect overwinters as a pupa 
on the surface of the ground, though this has not yet been definitely 
determined. 


NATURAL ENEMIES 


Two species of hymenopterous parasites' were reared from the pupae 
of this fly:—nine males and thirteen females of Cyrtogaster liqueatus 
Ashm. and a single specimen of a new species of Opius. 


‘Determined through the courtesy of A. B. Gahan of the U. S. Bureau of Ento- 
mology. 
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CONTROL 
Of course the insect can be controlled by removing and burning all 
infested leaves before the larvae have left the mines. It is planned this 
coming summer, however, to try out various insecticides in an effort 
to find one that will reach the young larvae in their mines without in- 
juring the foliage of the plant. 


REFERENCE CITED 
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HIBERNATION OF CHINCH BUGS IN SUDAN GRASS' 


By Harry R. Bryson, Kansas Agricultural Experiment Station 


ABSTRACT 

An examination of 604 bunches of Sudan grass (Sorghum vulgare sudanensis), 
taken from various types of fields and covering a period of four years, showed a 
maximum of 540 bugs (Bitssus leucopterus) in a single clump, with an average of 
21.1 live bugs per bunch. The counts also showed that Sudan grass, although not 
as suitable as the native bunch grass, serves as efficient hibernating quarters for the 
chinch bug. 

The tall uncut bunches, or bunches not pastured too closely, which had a dense 
growth of leaves at the base, furnished the most suitable overwintering quarters for 
the bugs. 

While making a study of the insects attacking sorghums, the writer 
had an excellent opportunity to study the efficiency of Sudan grass as 
overwintering quarters for the chinch bug, Blissus leucopterus Say. 
Sudan grass, Sorghum vulgare sudanensis, has been gaining in impor- 
tance as a forage crop throughout the southwestern part of the Great 
Plains area. The acreage in Kansas has increased from 20,000 acres in 
1915 to 190,000 acres in 1924. 

Being a native of a hot, dry climate, it is adapted to the relatively 
dry conditions of this region and thrives under any environment favor- 
able to the growth of other sorghums. It is an annual and is readily 
adapted to short rotations as a hay, seed, or pasture crop. 

Since the Sudan grass bunches resemble very closely the native bunch 
grasses, one could reasonably assume that the undisturbed clumps 
might furnish suitable hibernating quarters for the chinch bug. This 
would be particularly true if the crop were grown in areas where the 
native clump-forming grasses do not occur. 


‘Contribution No. 366, Department of Entomology. This paper embodies the 
results of some of the investigations undertaken by the writer in the prosecution of 


proyect No. 92 of the Agricultural Experiment Station. 
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In Kansas, the chinch bug is the most destructive pest attacking cereal 
crops. Hence, any cultivated crop which would furnish suitable winter 
quarters for the bugs would serve as a center of distribution from which 
the adults would disperse the following spring. 

It was with these facts in mind that a study was made to determine 
the efficiency of Sudan grass bunches as hibernating quarters for this 
insect. 

REVIEW OF LITERATURE 

In 1894, Marlatt, as a result of chinch bug hibernation studies, 
pointed out that the normal hibernating quarters for the chinch bug are 
the dense clump-forming native grasses, ‘‘such as the blue stem and 
other sorts, perhaps including tame varieties which incline to the stool- 
ing habit.” 

Headlee and McColloch (1913) have shown that the chinch bug 
prefers the type known as the little blue stem (Andropogon scoparins 
Michx.), while the big blue stem (Andropogon furcatus Muhl.) and false 
red top (/riplasis purpurea Walt.) also furnish suitable clumps for 
hibernation. 

Hayes (1922) found that many chinch bugs seek winter quarters at 
the crowns of the Sudan grass plants. Since his observations were pre- 
liminary to the present studies, a discussion of his results is embodied 
in this paper under the heading of presentation of data 


METHODS 

A study to determine the efficiency of Sudan grass bunches as hiber- 
nating quarters for the chinch bug was started in the fall of 1917, but 
it was not continued throughout the winter. In 1918, five bunches were 
examined in comparison with several other bunch grasses, but not enough 
data were secured to warrant satisfactory conclusions. Further counts 
were made during the winters of 1920-1921 and 1923-1924. More 
extensive observations were made during the hibernation seasons 
throughout the winters of 1924-1925, 1925-1926, and 1926-1927. 
These observations were instituted with the ‘irst freezing temperatures 
in the fall and continued until the first bugs were observed in flight 


in the spring. 

Whenever possible, the counts were made at monthly intervals 
throughout the winter. At least five bunches were examined from each 
field for each count. The bunches were dug out with considerable soil 
attached to the roots in order to avoid disturbing the surface of the soil 
at the crowns of the plants. These clumps were placed into individual, 
closely woven sacks, in order to prevent the escape of the bugs when 
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the bunches were subjected to the higher temperatures in the labora- 
tory. When the soil on the bunches was frozen, the sacks containing 
them were placed in a cool room where the clumps were allowed to thaw 
out gradually, thus avoiding the effects of a sudden change in tem- 
perature. 

Care ful observ 
from which the bunches came, and the purpose for which thr Sudan 


rations were made regarding the location of the fields 


grass was grown. Notes were also taken on the character of the bunches, 
i.e., whether grassy, cut, uncut, or pastured and the size of the bunches 
indicated by their diameters and the number of stems. The location 


' 
e clumps was also noted 


of the bugs in the 

The counts include a record of the dead chinch bugs as well as that of 
the live ones in order to determine tt e rate of mortality during the hiber- 
season. Some examinations were also made of native bunch 
the number of bugs found therein with that 


nating 
grass in order to compare 
in the Sudan grass. Approximately, the same sized bunches were 


examined in each case 
The observations made during the four seasons—1923 to 1927- 
were continued throughout the hibernating season, and are believed to 


ative of average conditions. ‘The counts for the other 
liscussed in the presentation of data, but the mortality 


> | 7 > | | +1 lL } - » P . - 
based upon the observations ot the last three seasons. 


A preliminary examination of 41 bunches of Sudan grass in Novem- 


17, showed a maximum of 1460 bugs in a single clump, with an 


average of 117 Counts made on four bunches in 1918 showed an 
average of on] TOUT bu S CT wuncl 


Hayes (1922) made some ol servations following the mild winter of 
1920-1921 and found a maximum of 27 bugs in one clump. These 


counts also showed no noticeable difference between the cut and the 


uncut bunches as a means of protection. Further observations made in 
November, 1921, following a summer in which the bugs were quite 


numerous, showed as many as 74 bugs to a clu 


The data presented in Table 1 are a complete record 6f the counts 
made during the hibernation period for the past four years. No bunches 
) 


were examined dun , December 1923, October, 1924, or March, 1925, 
nor during Oct ber 1926, or Pobruary, 1927. Only the data secured 


during the hibernation seasons of the last three years were used in calcu- 
lating the mortality rate. Table 1 shows the total number of clumps 
examined each month, the number of living and dead bugs and the 


average number of living and dead bugs per clump. 
> i i i 
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TasL_e 1—Numser or Curnca Bucs in Supan Grass Ciumps Durine 
WINTERS OF 1923 To 1927 


Total Total 
Month Number Number Live Bugs Dead Bugs Per 
and of Clumps_ of Bugs per Clump per Clump cent 


Year Examined Live Dead Max. Min. Ave. Max. Min. Ave. Dead 
1923-1924 


August 10 2,690 1053 34 269.0 

September 26 13,130 5,708 2 505.0 

October 13 986 403 l 75.7 

November 20 1,071 263 5 53.5 

December No counts made 

January 9 181 64 5 20.1 

February 21 754 150 3 358 

March 21 274 27 l 13.0 

April 3 15 9 2 5.0 

1924-1925 

October No counts made 

November 55 377 3 57 0 7.0 3 0 Jl OS 
December 60 475 7 SS 0 79 7 0 1 15 
January 55 51 75 13 0 09 2 0 13 86598 
February 45 334 45 39 0 74 5 0 1.1 1.2 
March No counts made 

1925-1926 

October 25 499 10 199 0 20.0 5 0 A a 
November 45 1193 64 155 0 26.5 22 0 1.6 5.1 
December 35 1582 56 227 0 45.2 12 0 1.6 3.4 
January Ww 1132 112 529 0 23 32 0 25 8.6 
February 25 399 634 90 0 15.9 6 0 1.4 7.9 
March 15 259 8&4 78 0 17.2 42 0 5.7 24.5 
1926-1927 

October No counts made 

November 35 474 14 296 0 13.5 8 0 A 2.9 
December 30 323 44 160 0 10.7 36 0 1.1 11.0 
January 30 298 76 112 0 99 28 0 25 20.3 
February No counts made 

March 25 S4 0 23 0 3.3 0 0 0 


The normal hibernating period extends from October until March, 
but the length of the period varies with the fall and winter conditions 
With high fall temperatures, the bugs are not forced to seek hibernating 
quarters until November. Occasionally, as in 1924-1925, the bugs were 
in flight by the latter part of February. These facts must be con- 
sidered in interpreting the data. 

The maximum number per clump was found in August and Septem- 
ber, 1923, but these represent the population that had congregated 
in the Sudan grass for feeding rather than for hibernation. Likewise, 
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counts in April, 1924, were for three bunches taken after the majority 
of the bugs had left: hence, the data are of no significance in hiber- 
nation studies 


e four year period, a total of 604 bunches, exclusive of those 


During th 
just mentioned, was examined. These showed an average population 
of 21.1 live bugs per clump. The maximum number in one clump was 
540 in January, 1926, of which 11 were dead 

Observations, as well as the data, given in Table 1, under the heading 
“Percent dead,” confirm the belief that the mortality rate increases, 
from month to month after the bugs go into hibernation, until January 
or February. After February, the live bugs leave the bunches if the 
gs disintegrate, making an ac- 
curate determination of mortality impossible. Nevertheless, the 


temperature rises, while the dead bu 


rather large number of living bugs found in the latter part of the winter 
suggests that Sudan grass affords fairly satisfactory hibernating quarters. 
The counts during the winter of 1925-1926 are of special interest in this 


+ 


connection, since it was impossible to make counts every month during 
he hibernating period. The data for this period verify the possibility 


of chinch | ising Sudan grass bunches as overwintering quarters 
when the opportunity permits 

ssuming an average of 21.1 live bugs per clump and 25,000 bunches 
of Sudan grass, planted in rows, per acre, there would be approximately 


500,000 bugs overwintering on one acre. This number would certainly 


be large enough to warrant the destruction of the bunches to prevent 


Table 2 shows a comparison of the number of bugs occurring in 
Sudan grass bunches, taken from various types of fields, and with this is 
included a record of the examination of 125 bunches of Little Bluestem 
for the same period, for comparison. The average diameter of all 


Little Bluestem had the largest number, namely, 30.4 per bunch, 
followed closely by uncut Sudan grass, with an average of 27.1 bugs per 
clump. Bunches taken from Sudan grass pastures had a population 


of 13 bugs per clump. while cut stubble showed an average of only seven 


The most attractive overwintering quarters are furnished by those 


“= i 

bunches which consist of a large number of stems with a dense growth 
of leaves at the base. The tall volunteer, uncut bunches, or those not 
pastured too closely, were selected by the bugs as the most suitable. 
Stubble cut very short has practically no growth of leaves at the base, 


and hence furnishes very little protection 
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TABLE 2. COMPARISON OF THE NUMBER OF BuGs FOUND IN THE DIFFERENT 
TYPES OF BUNCHES OF SUDAN GRASS AND IN LITTLE BLUESTEM 


Type of Number of Average Diameter Total Number Average Number 
Bunch Bunches of Bunches of Bugs of Bugs per Bunch 
Sudan grass cut 
(stubble)... .. 180 5.20 in. 1,255 7.0 
Pastured. 165 3.97 in. 2,145 13.0 
Uncut. . : 175 4.66 in. 4.736 yf 
Little Bluestem 125 5.00 in. 3,795 30.4 


Additional evidence that chinch bugs will select Sudan grass is afford- 
ed by an examination of Sudan grass fields adjacent to cornfields which 
had a heavy infestation of bugs the previous summer. In one instance, 
where a Sudan grass pasture was near such a cornfield, there was no 
significant difference between the average number of bugs found in 
the native bunch grass and in the Sudan grass. 

As a rule, the native bunch grass is preferred by the bugs. This, no 
doubt, can be attributed to the fact that the bunch grass offers more 
protection due to a denser growth of stems and the accumulation of 
loose, dead material at the crowns of the plant. 

There seems to be no relation between the diameter of the bunches 
and the number of bugs found in them. Bunches of sufficient size to 
collect the snow and those not exposed to the sudden changes in tem- 
perature seem more satisfactory as hibernating quarters. 

Closely pastured bunches in feed lots, where livestock was allowed to 
tramp over them, were rendered unfit for hibernating purposes. A 
few counts in such bunches during the early part of the hibernating 
period showed large numbers but, as the season progressed, the bunches 
became badly tramped, causing a loss of practically 100 per cent of the 
bugs at the close of the season. 


SUMMARY 


1. Sudan grass serves as an efficient hibernating quarter for the 
chinch bug. The largest number of live bugs found during the hiber- 
nating period in any clump was 529, while the average number per 


bunch was 21.1. 

2. Sudan grass bunches that have not been too closely pastured, or 
tall, uncut bunches which have a dense growth of leaves at the base, 
furnish the most suitable overwintering quarters for the chinch bug. 

3. The counts indicate that the native bunch grasses furnish the 
favorite hibernating quarters for the chinch bug. 
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EXPLORATION IN THE ARGENTINE REPUBLIC FOR PARASITES 
OF THE BEET LEAFHOPPER, EUTETTIX TENELLUS 
(BAKER)' 


By CHARLES F. HENDERSON 


ABSTRACT 
Because of reports that the beet leafhopper, Eutettix tenellus (Baker), as well as 
Argentine curly top of sugar beets whicl transmitted by Agallia sticticollas Stal, 
was found in the Argentine Republic, an exploration was undertaken in that country 
for parasites of the insect. Investigations covering a period of seven and one-half 
months were conducted in the provinces of Tucuman, San Juan, Mendoza, Buenos 


Aires, and the territories of La Pampa and Rio Negro. Beets having typical curly 
top foliage symptoms were found in all of these localities excepting Rio Negro, 
although no beet leafhoppers were taken. Favorable host plants belonging to the 


Chenopodiaceae and other families were swept without a single specimen of E. 


teneilus being captured. These plants included the most important food and breed- 
ing plants of the insect in California, viz., Australian saltbush (Atriplex semibiccata), 
red orache or red scale (A. rosea), Russian tl tle Salsola kalt), red stem filaree 
(Erodtum cicutarium), and nettle leaf goosefoot (Chenopodium murale). Insect 
collections of several museums and private entomologists were examined and no 
beet leafhoppers were present. The Eutettix sp., which greatly resembles £. tenellus, 


was captured in almost every locality in which beets or Swiss chard were growing. 


According to Boncquet (1) the beet leafhopper, Futettix tenellus 
(Baker) and curly top of sugar beets occurred in the Argentine Re- 


: i 
public at Buenos Aires, Bahia Blanca, Guatrache, Alpachiri, Mendoza 
and Colonia Alvear. 

Fawcett (2) demonstrated that a disease of sugar beets in the Argen- 


~ i 


tine, resembling the foliage symptoms of curly top of North America, 


was transmitted by Agallia sticticollts Stal 


Because of these reports of the presence in Argentina of the beet 
leafhopper® and a disease resembling curly top of sugar beets, an ex- 
‘Contribution from the Division of Entomology and Parasitology, College of 
Agriculture, University of California, cooperating with the United States Depart- 
ment of Agriculture, Bureau of Entomol 
?The common name, beet leafhopper, throughout this article refers only to Eutettix 


fonpils a1 
bEnelius Baker ° 
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ploration to that country in search of parasites of the insect was under- 
taken by the University of California, in cooperation with the Bureau of 
Entomology, United States Department of Agriculture. 

The writer sailed for the Argentine Republic, leaving San Francisco 
on October 9, 1926, aboard the West Mahwah, and arrived at Ingeniero 
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Fic. 59—Map of the Argentine Republic and Uruguay showing the localities 
investigated for the beet leafhopper. 

White, the port of Bahia Blanca, on November 10, 1926. <A trip was 
made on the following day to Buenos Aires where his credentials were 
presented at the American Embassy and Consulate, and to Argentine 
authorities. Investigations were conducted in the provinces of Tucuman 
San Juan, Mendoza, Buenos Aires, and the territories of La Pampa 
and Rio Negro, covering a period of seven and one-half months. 
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PROVINCE OF TUCUMAN 
November 18-24, May 31—June 26 

After spending a few days in the suburbs of Buenos Aires, the writer 
left for Tucuman where his arrival at the agricultural experiment station 
had been anticipated somewhat earlier. The director of the station, 
Dr. Wm. Cross, generously offered all necessary laboratory facilities for 
the work in Tucuman, and had made an additional planting of sugar 
beets so that young as well as old beets would be present upon my arrival. 
I e Argentine curly top, and 
the leafhoppers found on sugar beets and favorable weeds in the vicinity 


* 


An investigation was made concerning th 


of Tucuman. The experimental sugar beet plantings of Mr. Fawcett 
showed that 100 per cent of the large beets and two to fifty per cent of 
the small beets were diseased (Table 1). These beets were swept with an 
insect net over a period of several days and not a single specimen of the 
beet leafhopper (Futettix tenellus) was captured. Nettle leaf goosefoot 
(Chenopodium murale), a favorable food and breeding plant of the 
insect in the cultivated areas of California (3) was also swept, but with 
negative results 
TABLE 1. Loca.ities SHOWING PERCENTAGE OF ARGENTINE CuRLY TOP OF 
Rep BEEtTs, SuGAR BEETs, AND Swiss CHARD 
Province Sugar Percentage 
or Locality Red Beets Swiss Curly 
Territory 3eets Approx. Chard Top 
Acreage 
2-# 
Tucuman Tucuman 2 100* 


Punta Chica, Victoria, Tigre, many many lowt 
Buenos Aires Quilmes, Caseros, Lujan, San small small to 
Isidro, and suburbs of Bahia plots plots 100 
Blanca. 
San Juan San Juan 2% 1- 
Media Agua 2% 0 


Mendoza, Lujan de Cuyo, La few small 2 plots 50-100 
Heras lot 


Mendoza San Rafael few plots 1% 0 
Goudge 10 0 
Colonia Alvear few plots 5-75 

La Pampa Guatrache 1 plot 1/20 1- 

Ww i 

Rio Negro Cinco Saltos, Choele-Choel pl t 0 

Villa Regina 4 0 
*2-50°% refers to small beets from 4-6 inches in height. 100% in the large beets. 


tLow—100% depending upon time of inspection which covered a period of five 


months for these particular localities. 
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After discussing his experiment on the transmission of the Argentine 
curly top with Mr. Fawcett, the sugar beets infected by A. sticticollis 
in cages, as well as the healthy check plants were examined. The details 
concerning his work have been published in a recent paper, (2). 

Collections of leafhoppers made previously by Mr. Fawcett on sugar 
beets were examined, but no E. tenellus were found. The insect collec- 
tion of the University of Tucuman was also inspected with the assistance 
of Mr. Rodolpho Schreiter, the entomologist in charge, but no beet 
leafhoppers were present. 

An examination of the weather records of the Tucuman Agricultural 
Experiment Station (5) for the past fifteen years shows an average 
yearly rainfall of 35.8 inches at Tucuman, and a much greater amount 
occurs in the heavily forested foothills of the Andes which are not far 
distant. If California rainfall records (4) are taken as indicative of 
conditions in its natural breeding grounds, it is evident that the Province 
of Tucuman does not furnish a favorable environment for the insect, 

A study of the rainfall records and the alkalinity of soil and water 
indicated that the provinces of San Juan and Mendoza presented more 
favorable beet leafhopper conditions than Tucuman. The annual rain- 
fall in certain localities in Mendoza averaged from 10 to 13 inches, 
and the water was alkaline, indicating the possible presence of alkali- 
loving plants of the family Chenopodiaceae to which the sugar beet 
belongs. The beet leafhopper had been recorded from this province by 
Boncquet. 

Observations made by train between Tucuman and San Juan revealed 
a type of country which was obviously not adapted to FE. tenellus, and 
whenever the train stopped for sufficient time various species of chen- 
opodia including Chenopodium murale wére swept with negative results. 
As the province of San Juan was approached the country began to 
assume a more favorable aspect, resembling somewhat parts of the Im- 
perial Valley of California. Atriplex spp. and other desert vegetation 
were very plentiful. 


PROVINCE OF SAN JUAN 
November 26-December 1 


The Experimental Station of San Juan at Alto de Sierra was visited 
and the director, Guillermo Renate Aubone, exhibited the two and one- 
half acres of sugar beets with the information that this and a similar 
plot at Media Agua were the only plantings in the province. The Azu- 
carera de Cuyo is being formed at Media Agua, and is to be the first 
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beet sugar company in the Argentine Republic. Media Agua is an irri- 
gated district about thirty miles southeast of San Juan. 

Although A. sticticollis was quite abundant, only two diseased beets 
were found and these were at Alto de Sierra. 

PROVINCE OF MENDOZA 
December 2—January 15 

Red, garden, or table beets, sugar beets, and Swiss chard were swept 
at Lujan de Cuyo, Las Heras, San Rafael, Goudge, and Colonia Alvear, 
but no beet leafhoppers were collected. The fairly high percentage of 
curly top noted in this province is shown in Table 1. 

A species of Eutettix closely resembling F. tenellus, although differing 
in the structure of the female genitalia was found quite abundantly 
here. ‘This insect has been determined by Professor Herbert Osborn 
from material sent to him by the writer as an undescribed species of 
Eutettix. 

The beet leafhopper was not taken on Russian thistle (Salsola kalt) 
which grew profusely along roadsides, irrigation canals, bordering 
cultivated fields, and in vacant lots near the Experimental Station of 
Mendoza situated at Goudge, and at La Llave. Enormous multipli- 
cation of this hopper occurs on Russian thistle in the western part 
of the United States as determined by previous investigators. The 
insect was not collected on Australian saltbush (Atriplex semibiccata) 
growing in the vicinity of Colonia Alvear. This perennial Atriplex 
‘alifornia (3). No beet 
enopodiaceae and other 


is an important food and breeding plant in (¢ 
leafhoppers were captured on plants of the Ch 
families as indicated in the following list of plants swept in this vicinity. 
These plants were identified by Dr. Alberto Castellanos of the Natural 


History Museum of Buenos Aires. 


Polygonaceae A. undulata Mogq. 

Rumex sp. A. hastatum Linn. 
Chenopodiaceae Salsola kali Linn. 

Chenopodium rubrum Linn. Suaeda divaricata Mogq. 

C. hircinum Schrader Amaranthaceae 

Atriplex spp. (perennials) Amaranthus spp. 

A. platensts Speg. Arzoaceae 

A. lampa Gill. Sesuvium portulacastrum Linn. 


A. semibiccata R. Br. 

The beet leafhopper has been taken on S. portulacastrum in Florida by 
de Long (6). 

The foothills of the Andes near Mendoza as far as Portrerillos on the 
Transandine Railroad were visited and found to be dry, rocky, and 
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After discussing his experiment on the transmission of the Argentine 
curly top with Mr. Fawcett, the sugar beets infected by A. sticticollis 
in cages, as well as the healthy check plants were examined. The details 
concerning his work have been published in a recent paper, (2). 

Collections of leafhoppers made previously by Mr. Fawcett on sugar 
beets were examined, but no F. tenellus were found. The insect collec- 
tion of the University of Tucuman was also inspected with the assistance 
of Mr. Rodolpho Schreiter, the entomologist in charge, but no beet 
leafhoppers were present. 

An examination of the weather records of the Tucuman Agricultural 
Experiment Station (5) for the past fifteen years shows an average 
yearly rainfall of 35.8 inches at Tucuman, and a much greater amount 
occurs in the heavily forested foothills of the Andes which are not far 
distant. If California rainfall records (4) are taken as indicative of 
conditions in its natural breeding grounds, it is evident that the Province 
of Tucuman does not furnish a favorable environment for the insect. 

A study of the rainfall records and the alkalinity of soil and water 
indicated that the provinces of San Juan and Mendoza presented more 
favorable beet leafhopper conditions than Tucuman. The annual rain- 
fall in certain localities in Mendoza averaged from 10 to 13 inches, 
and the water was alkaline, indicating the possible presence of alkali- 
loving plants of the family Chenopodiaceae to which the sugar beet 
belongs. The beet leafhopper had been recorded from this province by 
Boncquet. 

Observations made by train between Tucuman and San Juan revealed 
a type of country which was obviously not adapted to F. tenellus, and 
whenever the train stopped for sufficient time various species of chen- 
opodia including Chenopodium murale wére swept with negative results. 
As the province of San Juan was approached the country began to 
assume a more favorable aspect, resembling somewhat parts of the Im- 
perial Valley of California. Atriplex spp. and other desert vegetation 
were very plentiful. 


PROVINCE OF SAN JUAN 
November 26-December 1 


The Experimental Station of San Juan at Alto de Sierra was visited 
and the director, Guillermo Renate Aubone, exhibited the two and one- 
half acres of sugar beets with the information that this and a similar 
plot at Media Agua were the only plantings in the province. The Azu- 
carera de Cuyo is being formed at Media Agua, and is to be the first 
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beet sugar company in the Argentine Republic. Media Agua is an irri- 
gated district about thirty miles southeast of San Juan. 

Although A. sticticollts was quite abundant, only two diseased beets 
were found and these were at Alto de Sierra. 


PROVINCE OF MENDOZA 
December 2-January 15 

Red, garden, or table beets, sugar beets, and Swiss chard were swept 
at Lujan de Cuyo, Las Heras, San Rafael, Goudge, and Colonia Alvear, 
but no beet leafhoppers were collected. The fairly high percentage of 
curly top noted in this province is shown in Table 1. 

A species of Futettix closely resembling F. tenellus, although differing 
in the structure of the female genitalia was found quite abundantly 
here. This insect has been determined by Professor Herbert Osborn 
from material sent to him by the writer as an undescribed species of 
Eutettix. 

The beet leafhopper was not taken on Russian thistle (Salsola kalt) 
which grew profusely along roadsides, irrigation canals, bordering 
cultivated fields, and in vacant lots near the Experimental Station of 


Mendoza ated at Goudge, and at La Llave. Enormous multipli- 
cation of s hopper occurs on Russian thistle in the western part 


of the United States as determined by previous investigators. The 
insect was not collected on Australian saltbush (Atriplex semubiccata) 
growing in the vicinity of Colonia Alvear. This perennial Atriplex 
is an important food and breeding plant in California (3). No beet 
leafhoppers were captured on plants of the Chenopodiaceae and other 
families as indicated in the following list of plants swept in this vicinity. 
These plants were identified by Dr. Alberto Castellanos of the Natural 
History Museum of Buenos Aires. 


Polygonaceae A. undulata Mogq. 

Rumex sp. A. hastatum Linn. 
Chenopodiaceae Salsola kali Linn. 

Chenopodium rubrum Linn. Suaeda divaricata Mogq. 

C. hircinum Schrader Amaranthaceae 

Atriplex spp. (perennials) Amaranthus spp. 

A. platensis Speg. Arzoaceae 

A. lampa Gill. Sesuvium portulacastrum Linn. 


A. semilbiccata R. Br. 


The beet leafhopper has been taken on S. portulacastrum in Florida by 
de Long (6). 

The foothills of the Andes near Mendoza as far as Portrerillos on the 
Transandine Railroad were visited and found to be dry, rocky, and 
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sparsely covered with desert vegetation. In the small valley of Portre- 
rillos where the soil was less dry, red stem filaree (Erodium circutarium), 
the most important winter host plant of the beet leafhopper on the 
plains and foothills in the dry interior regions of California (3) was 
found to be abundant, though dwarfed. 

The insect collection of the Educational Museum of Mendoza was 
examined and the director, Dr. Carette, exhibited the Carlos Reed 
Collection of Mendozan insects. Reed collected extensively in the 
province, and while the Hymenoptera were largely represented, there 
were also many homopterous insects. No. E. tenellus were found in | 





these collections. | 
PROVINCE OF BUENOs AIRES 





November 10-16, January 29-February 16, March 6-21, April 18 
May 30 


Red beets and Swiss chard often showing 100 per cent curly top 
(Table 1) were found in the following suburbs of Buenos Aires: Punta 
Chica, Victoria, Tigre, Quilmes, Caseros, Lujan, and San Isidro; and in 
the vicinity of Bahia Blanca. Farmers stated that at times the Swiss 
chard was so stunted and malformed as to be unmarketable. No beet 
leafhoppers were taken on these crops, but A. sticticollis and Eutettix sp. 
were present in about equal numbers. In the course of this exploration 
wherever the disease occurred A gallia sticticollis was also found. 

The beet leafhopper was not taken on Russian thistle growing in the 
suburbs of Bahia Blanca and in the cultivated districts between Torn- 
quist, Saavedra, and Alta Vista, nor on the Australian saltbush and 
perennial atriplexes in the vicinity of Bahia Blanca. Scattered plants 
of red stem filaree had just germinated in the foothills of the Sierra de la 
Ventana at Tornquist and Pigue and in the cultivated areas near Torn- 


quist. 
The insect collection in the Museum of the University of La Plata was 
examined and here was found the famous old collection of Carlos Berg. 


Some of the leafhoppers collected by Berg had been sent to Stal at the 
National Museum of Stockholm and the type specimens are on deposit 
there. This collection had been saved from total destruction after 
Berg’s death by Dr. Carlos Bruch, although many of the type specimens 
had been lost. The leafhoppers in the Museum's collection were ex- 
amined but no beet leafhoppers were found. Specimens of F. tenellus 
from California were shown to Dr. Bruch at his home in Olivos but he 
stated that he had never taken this insect in his many years of collecting 
in the Argentine Republic. 


| 
| 
. 
. 
| 
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The collection ef the National Museum of Natural History at Buenos 
Aires was also examined. Dr. Brethes, curator of the insect collection, 
had stated in previous correspondence with the writer, that no speci- 
mens of the beet leafhopper existed in this collection and that he was 
of the opinion that the insect was essentially North American. 

The collection of Dr. Miles Stuart Pennington at Quilmes and Buenos 
Aires which includes the leafhoppers of the Carlos Lizer collection from 
Bolivia, was also investigated but no specimens of the beet leafhopper 
found. 

TERRITORY OF LA PAMPA 


February 16—March 6 


A trip was taken to Guatrache where the Experiment Station of La 
Pampa Central was visited. A small patch of sugar beets was found in 
the garden of the director, Mr. Alberto Cortelue. No beet leafhoppers 
were taken although a few plants having typical symptoms of curly top 
were found (Table 1). 

Russian thistle and A. rosea were swept in the vicinity of Guatrache, 
Alpachiri, Remeco, and General Campos, without taking a specimen 
of E. tenellus. These weeds were exceedingly abundant, not only bor- 
dering roads and fences, but covering vast acreages of stubble land as 
well. 

TERRITORY OF R10 NEGRO 
March 21—April 17 


Red beets and sugar beets were swept in the territory of Rio Negro at 
Cinco Saltos, Villa Regina, and Choele-Choel but no beet leafhoppers 
were taken and no curly top symptoms were noted in any of the plants. 

Another disease had previously destroyed all sugar beets at the Ex- 
periment Station of Rio Negro near General Roca, and had left only one 
plot at the colony of Villa Regina, where previous to December, there 
had been several plantings. According to Director Bignami of the 
colony, this disease occurred with the first high temperatures in Decem- 
ber and plants which were large and apparently healthy suddenly 
wilted and died, often within a single day. Various scientists of the 
region had examined the diseased plants but were unable to determine 
the cause. The remaining plot was examined for curly top but no 


symptoms of the disease were found. 

Favorable host plants such as Russian thistle and annual atriplexes 
were found on the floor of the valley, but in such a dry condition that 
leafhoppers were very scarce. Chenopodium rubrum was the only 
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possible host plant still in a green and succulent condition. Although 
this plant occurs in California it is not known to be a favorable host 
plant of EF. tenellus. An abundance of Australian saltbush was found in 
and near the village of Rio Colorado along roadsides, fences, ditches, 
and covering vacant fields. This plant and annual atriplexes were 
swept on several occasions without a single specimen of EF. tenellus 
being taken. 


PLANTS OF CHENOPODIACEAE EXAMINED FOR Eutettiv tenellus (BAKER) 
IN THE ARGENTINE REPUBLIC 
The following chenopods collected in the Argentine Republic, in 
addition to those listed under the Province of Mendoza, were swept 
with an insect net for F. tenellus. These plants were determined by 
Dr. I. M. Johnston of the Gray Herbarium. 


Allenrolfia patagonica (Moq.) Kuntze Chenopodium ambrosioides L. 

Atriplex hortense L Salicornia frutscosa Auct. Argent. 

A. montevidensis Spreng. S. gaudichaudiana Moa. 

A. rosea L. Senecio mendocinus Ph. 

A, sagittifolia Speg. Suaeda maritima L. 

A. tatarica L. Spirostachys ritteriana (Moq.) Ung.-Stern 

A. vulgatissimum Speg. S. rotteriana (Moq.) Ung.-Stern. 
URUGUAY 


January 24-28 

A short trip was made to La Sierra, Uruguay, for the purpose of visit- 
ing twelve hundred acres of sugar beets planted by the Diaz-Aznaz 
Company, before the crop had been harvested. This operation was at 
its height, and it is interesting to note that the beets were plowed up 
by ox plows and hauled to the mill in ox carts. The beets were small 
and a very poor stand was evident. No beet leafhoppers were taken nor 
were any curly top beets found. A. sticticollis was scarce but the relative 
abundance could not be determined accurately owing tc heavy winds. 
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THE DEVELOPMENT AND PRESENT STATUS OF ENTOMO- 
LOGICAL COURSES IN AMERICAN COLLEGES 
AND UNIVERSITIES 
By Paut KniGut, Instructor in Entomology, University of Maryland 
ABSTRACT 

This is the first of three papers on the teaching of elementary entomology, 
and will serve as the introduction to the succeeding publications. It, traces the 
history of teaching in this country and gives a fairly comprehensive idea of 
the extent of the academic work today. That the historical information and 
data on the number of courses is incomplete has been shown by a recent paper 
by R. C. Smith, in the Kansas State Agricultural’ College Bulletin, Vol. 12, 
No. 1, Jan. 1928. The two papers taken together throw light on these subjects. 

In entomology as in all other sciences the development of formal 
courses has been behind the development of the science itself. Up to the 
final quarter of the nineteenth century little research work had been 
accomplished in American entomology, which necessarily meant little 
development of courses. With the establishment of the Land Grant 
Colleges, experiment stations, libraries, museums, insect collections, 
and the Bureau of Entomology, the development of courses for the 
training of entomologists likewise began to develop. However, this 
progress is still subordinated to research work in most institutions. 
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The early development of American entomology has some very 
interesting chapters. We all know of the work of Peck, Harris, Walsh, 
Thomas, LeBaron and many others. Good accounts of their work have 
appeared in various publications. There is nothing very illuminating 
) in regard to the development of early courses, and of the men in charge 
of them. Little had been done previous to 1862, the date marking the 
Morrill Bill, which was responsible for the establishment of the state 
agricultural colleges and some of the state universities of this country. 
Previous to this legislation there had been several attempts to establish 
schools of this nature. All except the old Maryland Agricultural College, 
| chartered in 1856, and Michigan Agricultural College, founded in 1857, 
proved dismal failures. 

Dr. H. A. Hagen of Harvard University is usually credited with being 
) the first teacher of entomology in America, though a little investigation 
| shows several men preceded him. Hagen came to Harvard in 1870, but 
his first course was not offered until 1873. This course consisted of a 
single student, J. H. Comstock. Hagen was not an economic entomolo- 
gist, and had he been he would have found a dearth of teaching materials. 
His equipment was negligible, except for an enormous library which he 
brought from Europe. He imparted most of his knowledge to his 
students by informal lectures. A pencil and paper was his blackboard. 
Thomas Say taught at the University of Pennsylvania at a much earlier 
| date, but whether entomology was among his subjects is not known. 
| Say’s American Entomology was published in 1824, at which time he 
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was ‘Professor of Natural History,’’ in the University, and had been for 

several years. It is hard to imagine Say occupying a chair of natural 
| history and not teaching insect study. Townend Glover was appointed 

to a professorship at the institution now known as the University of 
Maryland at a very early date, but his work was largely if not wholly 
along other lines. Packard had given a few lectures at Orono, Maine, 
and Burrill, though primarily a botanist, was teaching entomology at 
the University of Illinois as early as 1869. Thomas Bessey taught 
entomology along with zoology at Iowa State College in 1870. Shortly 
after this time Fernald started teaching at the University of Maine, and 
Comstock at Cornell University. As far as can be ascertained these were 
the only courses taught previous to 1880, at which time many institu- 


tions adopted the science as a useful one. 
The early entomologists were forced to get their training in any way 
they could, but the results of their work has been the development of a 


number of extensive departments for the training of present day work- 
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ers. These are primarily in the state institutions. Through the courtesy 
of Dr. L. O. Howard I am able to give figures on the academic training of 
the entomologists of the United States Department of Agriculture. 
These are correct to January 1927. This tabulation gives a comprehen- 
sive idea of the training of entomologists for economic work. Obviously 
not all the degrees represent major work, as many are conferred by 
institutions not offering a single course in entomology. This is even true 
of several of the doctorates represented. However, the largest percent- 
age come from institutions where much effort has been expended towards 
the development of the department. This table is not however an 
accurate index to the extensiveness of all departments, as some depart- 
ments have furnished multitudes of workers to colleges and experiment 
stations and only a few to the government service. 


Name of Institution Degrees Represented 
Bachelors Masters Doctors 

Alabama Polytechnic Institute......... 3 1 1 
Baker University l 
Beloit College 1 1 
Boston University l 
Bowdoin College l 
Clark University 2 
Clemson Agricultural College 12 
Colorado Agricultural College 2 
Columbia University 2 1 11 
College of Texas ] 1 
Connecticut Agricultural College 7 
Cornell University 12 7 3 
Dartmouth College l 
Davis Elkins College l 
Elmira College 1 
Georgetown University l 
George Washington University 2 2 6 
Harvard University l 3 
Iowa State College 2 2 
Kansas Agricultural College 10 4 1 
Knox College l 
Leland Stanford Jr. University 7 3 2 
Louisiana State University l 1 
Massachusetts Agricultural College. . 40 3 4 
Massachusetts Institute of Technology ] 
Michigan Agricultural College 
Mississippi A. and M. College. 25 2 
Montana State Agricultural College 3 
North Carolina State College... ] 
New York State College of Forestry : l 
Cee NOD VVGNEINT. ccc ceccccncnssiove 9 6 5 


Ohio Northern University....... ee ee 1 
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Name of Institution 


Oklahoma A. and M. College........... 
Oregon Agricultural College.............. 
Pennsylvania State College......... 
i Ey die ks eS dda sbeedeenweeen 
Purdue University............... 
NEE EEE OE Te 
Rutgers College banged : 
Radcliffe College. . Sas re 
Rhode Island State College heaeeree ws 
Saint Maximin College 

Simmons College. ........ 

South Dakota State College............ 
Syracuse University 

Texas A. and M. College 

Tulane University 

University of California 

University of Colorado. . 

University of Delaware. 

University of Denver 

University of Florida 

University of Idaho 

University of Illinois 

University of Indiana........... 

University of Kansas 

University of Kentucky 

University of Maryland 

University of Michigan. 

University of Minnesota 

University of Missouri 

University of Montana 

University of Nebraska Te 

University of New Hampshire. 

University of Pennsylvania 

University of Pittsburgh 

University of South Carolina. . nonbeess 
University of Southern California. . 
University of Tennessee 

a ee 
University of Virginia 

University of Wisconsin 

Utah Agricultural College..................0.. 
Vanderbilt University 
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According to Needham (Bureau of Education Bulletin 1925-4), by 
the latter part of the nineteenth century every Land Grant institution 
at that time established was teaching at least one course in entomology, 
while a few had made greater progress. A survey of these institutions by 
Jarvis, (Bureau of Education Bulletin 1918-29) shows that every Land 
Grant school required at least one course in entomology of its agri- 
cultural students, while 17 were offering major work in this department. 
These were the University of California, Colorado Agricultural College, 
University of Illinois, University of Kentucky, Massachusetts Agri- 
cultural College, University of Minnesota, Mississippi Agricultural and 
Mechanical College, University of Nebraska, Cornell University, Ohio 
State University, Oregon Agricultural College, Clemson Agricultural 
College, University of Tennessee, Texas Agricultural and Mechanical 
College, Agricultural College of Utah, West Virginia University, and the 
University of Wisconsin. The present study shows Jarvis’ data to be 
incomplete, and at least the following should be added; Connecticut 
Agricultural College, Kansas Agricultural College, North Carolina 
State College, University of New Hampshire, University of Missouri, 
University of Maryland, and Virginia Polytechnic Institute. Today 
there are said to be more teachers of entomology in the United States 
than in the entire rest of the world. 

The following survey of the series of college and university catalogues 
in the Library of Congress shows the extent of collegiate entomology. 
This is as correct as it is possible to make it, to January 1927. 

Number of Grad. Sizeof Major 


Institution Dept. of Undergrad. Work Teaching in 
Courses Given Staff Entom. 


Alabama Polytechnic Institute Zoo.-Ent. 3 
Alaska Agricultural College Agr. I 1 
Arziona, University of Biol. 1 1 
Arkansas, University of Ent. l 2 
Augustana College Biol. 1 I 
Baylor University Zool. ] 1 
Bucknell University Biol. 1 1 
California, University of Parasitol.-Ent. 15 5 
Colorado Agric. College Ent.-Zool. 11 5 
Colorado College Biol. 1 1 
Colorado University Biol. 2 x 1 
Catholic Univ. of America Biol. l l 
Clemson College Zool.-Ent. 13 x 3 
Connecticut Agric. College Zool. 4 4 x 
Cornell University Ent.-Limn. 20 x 12 
Denison University Zool. I 1 

















Institution 


Denver, University of 
DePauw University 
Earlham College 

Eureka College 

Florida, University of 
Franklin & Marshall College 
Georgia, University of 
Harvard University 
Hawaii, University of 
Hillsdale, College 

Idaho, University of 
Illinois, University of 
Indiana University 

Iowa State College 

Iowa, University of 
Jamestown College 

Johns Hopkins University 
Kansas Agricultural College 
Kansas, University of 
Kentucky, University of 


Leland Stanford Jr. Univ. 
Louisiana State University 
Louisville, University of 
McKendree College 
McPherson College 

Maine, University of 
Maryland, University of 
Massachusetts Agric. College 


Michigan Agricultural College 


Michigan, University of 
Minnesota, University of 
Mississippi A. & M. College 
Missouri, University of 
Monmouth College 
Montana, University of 
Nebraska, University of 
Nevada, University of 


Dept. of 


Zool. 
Zool. 
Zool. 
Zool. 
Zool. 
Biol. 
Zool. 
Zool. 


Biol. 
Zool.-Ent. 
Ent. 
Zool. 
Zool.-Ent. 
Zool. 
Biol. 


Medic.-Zool. 


Ent. 
Ent. 
Ent. (1) 
Zool, (2) 
Ent. 
Ent. 
Zool. 
Biol. 
Biol. 
Biol. 
Ent. 
Ent. 
Ent. 
Zool. 
An. Biol. 
Zool.-Ent. 
Ent. 
Biol. 
Biol. 
Ent. 
Ent. 


New Hampshire, University of Ent. 
New Mexico, College of Agric. Biol. 


New Mexico, University of 
New York University 
Notre Dame University 
Ohio University 

Ohio Northern University 
Ohio State University 


Zool. 
Biol. 
Zool. 
Biol. 
Biol. 
Zool.-Ent. 
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Ohio Wesleyan University 
Oklahoma Agric. College 
Oklahoma, University of 
Oregon Agricultural College 
Ottawa University 
Otterbein University 
Pennsylvania State College 
Pennsylvania, University of 
Pomona College 

Porto Rico, University of 
Purdue University 

Rhode Island State College 
Richmond, University of 
Rochester, University of 
Rutgers College 

Saint Lawrence University 
Saint Viators College 

Smith College 

South Dakota State College 
South Carolina, University 
Syracuse University 


Temple University 
Tennessee, University of 
Texas A. and M. College 
Utah Agricultural College 
Utah, University of 
Vermont, University of 
Washburn College 
Washington State College 
Washington, University of 
Wesleyan University 
West Virginia University 
Wisconsin, University of 
Wyoming, University of 
Yale University 


The following is an incomplete list of Canadian institutions teaching 


entomology. 
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ENTOMOLOGICAL COURSES IN AMERICA 


Zool. 

Ent. 
Zool. 

Ent. 
Zool, 
Biol. 
Zool.-Ent. 
Zool. 
Zool. 


Ent. 
Zool, 
Biol. 
Biol. 
Ent. 
Biol. 
Zool. 
Zool. 
Zool.-Ent. 
Zool. 
Zool. (3) 


Forest Ent. 


Biol. 
Ent. 
Ent. 
Zool.-Ent. 
Zool. 
Zool. 
Zor yh. 
Zool. 
Zool. 
Biol. 
Ent. 
Ent. 
Zool. 
ZA yl. 


99 


Agricultural College of Nova Scotia 


University of British Columbia 


McGill University, (MacDonald College) 


Ontario Agricultural College 


Queens University 


University of Quebec 
University of Toronto 


45: 


wo 


JI pe 


” 
—_ i ee oe Re 


“ 
— Oe eS We ee DD 


~ 
bo 


o 
an Os 
“~ we 


*“ 
ee ee ee ee | 


~ 


~ 
— i et 


37 209 


The catalogues of these are not generally available. 


36 


‘ 


















878 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


EFFECT OF EARLY SUMMER AND LATE SUMMER WHITE OIL 
AND NICOTINE SULFATE SPRAYS ON THE NUMBER OF 
EGGS OF THE EUROPEAN RED MITE OVERWINTERING 
ON PEACH TREES' 

By Byriey F. Driccers, Ph.D., Assistant Entomologist, 

New Jersey Agricultural Experiment Station 
ABSTRACT 

Nicotine Sulfate (1-800) and white oil emulsion (1.0%) applied to peach 
trees in May and June were not effective in preventing the subsequent deposi- 
tion of overwintering eggs of the European Red Mite. Nicotine Sulfate and 
ground tobacco dust were also ineffective in reducing the number of over- 
wintering eggs when treatments were applied in August. Four applications in 
August on peaches of a one per cent white oil emulsion, gave a reduction of 
98.9 per cent in the number of overwintering European Red Mite Eggs on 


peaches. 


Experiments with nicotine sulfate and white oil emulsion were carried 
on in the summer of 1927 in an effort to control the Oriental Fruit 
Moth on peaches. All of the trees in a seven-acre orchard of Elberta and 
Iron Mountain peaches were sprayed with nicotine sulfate (1-800) at 
weekly or ten-day intervals beginning May 4th and continuing to June 
15th. A total of five applications were made. All of the trees of a half- 
acre orchard adjoining the seven-acre orchard were sprayed with a 
one per cent white oil emulsion on the same dates that the nicotine 
sulfate spray was applied. A few peach trees were also sprayed in 
August with nicotine sulfate (1-800) and white oil emulsion (1%) in an 
effort to control the Oriental Fruit Moth by spraying for the third 
brood eggs and larvae. 

The control of the Oriental Fruit Moth by the spray operations out- 
lined above did not prove satisfactory. However, they afforded an 
opportunity to determine the effect of oil and nicotine sulfate, applied 
early in the summer and late in the summer, on the number of eggs of the 
European Red Mite overwintering on peach trees. Oil emulsions as 
growing season insecticides on fruit trees are being given considerable 
attention. It is desirable to know what effect a summer oil spray, 
developed for another insect, will have on red mites. The data presented 
in this paper show the effect on the number of overwintering eggs of the 
European Red Mite of certain sprays applied in an effort to control the 
Oriental Fruit Moth. 


‘Paper of the Journal Series, New Jersey Agricultural Experiment Stations 
Department of Entomology. 
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OVERWINTERING EUROPEAN RED Mite Eccs Founp ON PEACH TREES 
SPRAYED IN May AND JUNE WITH OIL EMULSION AND NICOTINE 
SULFATE 

Twigs were collected from the orchard sprayed with oil emulsion and 
from the orchard sprayed with nicotine sulfate and the number of live 
and dead eggs recorded March 10th—l4th, 1928. Five trees at equal 
intervals across the center of each of the two orchards were selected. 
Ten twigs six inches in length were collected from each tree. The twigs 
were cut in such a way that equal amounts of the current and preceding 
season’s growth were obtained. It was found that there was less variation 
in the number of eggs on twigs from the same tree when this procedure 
was followed. 

The twigs were examined under a binocular microscope and the num- 
ber of live and dead eggs recorded. The egg counts on ten twigs obtained 
from five trees in the nicotine sulfate sprayed orchard are given in 
Table 1. The egg counts obtained from the same number of twigs and 
trees in the oil sprayed orchard are set forth in Table 2. 

TABLE 1, NuMBER OF LIVE AND DEAD OVERWINTERING EUROPEAN RED MITE 


EGGs FounD ON TEN TWIGS FROM TREES SPRAYED FIVE TIMES WITH 
NICOTINE SULFATE (1-800) In MAy AND JUNE 


Tree Number 


Number of Eggs 


Live Dead Total 

1 3153 2459 5612 

2 399 2191 2590 

3 1125 2314 3439 

4 1504 1781 3285 

5 1772 3217 4989 
Total 7953 11962 19915 


TABLE 2. NUMBER OF LIVE AND DEAD OVERWINTERING EUROPEAN RED MITE 
EGGs Founp ON TEN TWIGS FROM TREES SPRAYED FIVE TIMES WITH 
Waite O1 Emutsion (16%) IN MAy AND JUNE 


Tree Number Number of Eggs 








Live Dead Total 

1 1640 2902 4542 

2 1089 3086 4175 

3 1597 2406 4003 

4 182 2839 3021 

5 409 3199 3608 
Total 4917 14432 19349 





The data presented in Tables 1 and 2 show that there were a large 
number of red mite eggs deposited on the twigs whether the trees 


were sprayed with oil emulsion or nicotine. All of the trees in the two 
orchards were sprayed, therefore no check trees were available for a 
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comparison. However, the number of eggs found indicate that the 
delayed dormant oil spray in this orchard is advisable. 

The infestation of red mites in the two orchards shortly after the 
last spray applications were made was not determined. Data published 
recently by Newcomer and Yothers* show that lubricating oil sprays 
used at dilutions containing 0.5 or 0.67 per cent oil killed praccically 
100 per cent of the mites and most of the summer eggs. These investiga- 
tors found that nicotine sulfate alone killed less than 50 per cent of the 
mites. In the light of these data it would appear that the five applica- 
tions of 1 per cent oil emulsion at weekly intervals gave a clean-up of 
red mites in May and June. If this was the case the small number of 
mites remaining in the orchard, or brought in from outside sources, 
multiplied rapidly enough to restock the orchard with overwintering 
eggs in the late summer and fall. 


Errect or LATE SUMMER APPLICATIONS OF O1L EMULSION AND 
NICOTINE SULFATE ON THE NUMBER OF OVERWINTERING 
EvuROPEAN Rep Mite Eccs 


A count of twigs injured by larvae of the first brood of the Oriental 
Fruit Moth was made shortly after the last of the five applications was 
made in June. The data indicated that the first brood larvae had not 
been reduced sufficiently to obtain a satisfactory control. Therefore a 
small scale experiment was carried out in an effort to control the third 
brood larvae of Oriental Fruit Moth using nicotine and white oil 
emulsion. 

Six Elberta peach trees were selected near the center of the seven- 
acre orchard which had been sprayed early with nicotine sulfate. The 
trees were treated as follows: Number 1 was dusted three times at 
weekly or ten-day intervals with about a half pound of ‘‘R-40”’ ground 
tobacco dust (1.25% nicotine); number 2 was left untreated; number 3 
was sprayed four times with 1 per cent white oil emulsion; number 4 was 
left untreated; number 5 was sprayed four times with nicotine sulfate 
(1-800) and number 6 was left untreated. The first application was put 
on August 4th and the last application August 25th. 

Ten twigs were collected from each of the six trees and the number of 
live and dead eggs recorded March 12th-—14th, 1928. It was found that 
there was a reduction of over 98 per cent in the number of eggs found on 
the tree sprayed with the oil emulsion. A second series of ten twigs 


*E. J. Newcomer and M. A. Yothers. Experiments for the Control of the Euro- 
pean Red Mite and Other Fruit-tree Mites. U.S. D. A. Technical Bul. 25. 
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from each tree were examined with results similar to the first series 
examined. The data obtained from the count of eggs on twenty six-inch 
twigs from each of the six trees are presented in Table 3. 


TABLE 3. NUMBER OF OVERWINTERING EUROPEAN RED MITE EGGs FounpD ON 
PEACH TREES TREATED WITH GROUND Topacco Dust, NICOTINE 
SULFATE (1-800) AND ‘‘VoLcK”’ Or. Emutsion (1%) 


Tree Material No. Twigs Date Twigs Were No. of Eggs Per cent 
Number Used Counted Sprayed Examined Live Dead Total Reduction 
1 Ground 3 times March 3338 4475 7813 0.0 

tobacco dust 20 in Aug. 12th-—14th 
2 Nothing 20 ie 2588 4784 7372 — 
3 1.0% white 20 4 times 

oil emulsion in Aug. e 30 44 74 989 

Nothing 20 ——-- ™ 2453 4113 6566 —— 
5 Nicotine 20 4 times 

sulfate in Aug. si 2271 2796 5067 29.2 
6 Nothing 20 — P= 2754 4788 7542 — 


The data in Table 3 show that the ground tobacco dust had no effect 
on the number of overwintering European Red Mite eggs; that the 
nicotine sulfate reduced the overwintering eggs 29.2 per cent and that 
the one per cent white oil emulsion gave a reduction of 98.9 per cent. 
It would be desirable to have counts from a larger number of sprayed 
trees. However, it seems that where one tree is sprayed in an orchard 
heavily infested with mites the test is more severe than it would be were a 
block of trees sprayed. 


Errect or O1L SPRAY ON FOLIAGE 


The foliage of the trees sprayed with 1 per cent oil in May and June 
were examined from time to time. The foliage on these trees appeared 
somewhat yellow as compared to the foliage on. the trees sprayed with 
nicotine sulfate. No heavy dropping of leaves occurred on the trees 
sprayed with the oil. There was, however, a noticeable drop of young 
peaches on the oil sprayed trees. The per cent of fruit drop caused by 
the oil could not be determined as there was considerable Curculio and 
other injury, due to the omission of the regular spray schedule, where 
the oil was applied. 

The four applications of 1 per cent oil applied in August on a single 
tree caused a light leaf fall. The older leaves appeared to be the most 


sensitive to the oil. 
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SUMMARY 


Five applications of nicotine sulfate (1-800) and white oil emulsion 
(1%) on peaches in May and June failed to prevent the deposition of 
large numbers of overwintering eggs of the European Red Mite. Three 
applications in August of ground tobacco dust gave no reduction in the 
number of red mite eggs. Four applications in August of nicotine sulfate 
(1-800) gave a reduction of 29 per cent. One per cent white oil emulsion 
applied four times in August, gave a reduction of 98.9 per cent in the 
number of overwintering European Red Mite eggs. Some injury was 
caused by the oil sprays as was evidenced by a light shedding of fruit 
and foliage. 


FURTHER STUDIES ON THE EVAPORATION OF NECTAR 
By O. W. Park, Jowa Experiment Station, Ames, Iowa 


ABSTRACT 

Further experiments by the author are in agreement with those reported a year 
ago, all of which indicate that nectar does not become more concentrated within the 
honeysac of the bee between the flower and the hive entrance, but that the observed 
rate of nectar concentration can be fully accounted for by evaporation in its several 
phases, carried on within the hive. 

A year ago experiments were reported by the writer! tending to show 
that no concentration of nectar occurs within the body of the bee be- 
tween the flower and the hive entrance; but that evaporation carried on 
within the hive is sufficient to account fully for the observed rate of 
nectar concentration. It was pointed out that the evaporation within 
the hive comprises at least three phases. (1) Evaporation from the 
mouthparts of the house-bee. (2) Evaporation from hanging drops 
placed temporarily in the roofs of cells. (3) Evaporation from the body 
of the cell. The importance of the first two seems apparent but so far 
the proportion of the total process performed by them is unknown; but 
valuable data have been secured on the rate of evaporation of nectar 
and of various sugar solutions from the body of the cell. 

The preliminary experiments on evaporation from cells reported last 
year admitted of refinement along several lines. The cells used were of 
glass which might give a rate of evaporation somewhat different from 
cells of beeswax. This feature was easily corrected by employing sections 
of comb (1 x 3 inches) which had been thoroughly cleaned by the bees 
themselves. Each section of comb was fastened by one face to a wax- 


‘Park, O. W. Studies on the Evaporation of Nectar. Jour. Econ. Ent., 20:510— 
516. 1927. 
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coated piece of tin (2 x 4 inches) having a hole near one end by means 
of which it could be hung on a nail. Those small combs were handled 
in such a manner that the comb itself never needed to be touched. They 
were weighed on chemical balances both before and after the sugar 
solutions were placed in the cells. Then, as before, they were placed in a 
wire screen cage which, when hung within the hive, exposed the solu- 
tions in the cells to the normal hive conditions of air currents, humidity 
and temperature, but prevented the cells from being touched by any bee. 
The recent experiments were conducted during a fair honeyflow and care 
was used to place the screen cage containing the small combs in the 
center of a super in which the bees were actively engaged in ripening 
honey at that time. 

In the former experiments, thin raw nectar gathered directly from the 
flowers was placed in the cells; whereas, when handled by the bees, the 
liquid freshly deposited in a cell has been largely inverted, having been in 
the honeysac of at least two different bees (the field-bee and the house- 
bee), and has been somewhat concentrated thru evaporation during its 
manipulation by the mouthparts of the house-bee. Since the sugars 
found in freshly deposited nectar are largely dextrose and levulose in 
nearly equal parts, and since the concentration of freshly deposited 
nectar varies considerably with the source, and with weather conditions; 
it was decided that the purpose of these studies would be well served by 
making up several different concentrations of solutions composed of 
equal parts of dextrose and levulose. This plan would yield comparative 
data upon solutions covering a wide range of concentrations. The sugar 
solutions used had concentrations of 20, 30, 40, and 60 per cent respec- 
tively. 

In order to eliminate errors due to fermentation, two-tenths of one 
per cent of benzoate of soda was added to each sugar solution. This 
amount of preservative effectively prevented fermentation but was too 
small to change the vapor pressure of the solutions materially. 

Sixteen of the small combs were used in two equal groups, A and B, 
which differed only in that the cells in group A were filled one-fourth 
full while those of B were filled three-fourths full. In each of these 
groups, two combs were supplied with the twenty per cent solution, so 
that one served as a check on the other. The combs of each identical 
pair were then distributed in such a way that any differences due to 
position within the hive would tend to be equalized. Much care was 
taken to see that the solution was placed properly in the cell and that all 


cells in a given group received approximately equal amounts. 


mt 
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A year ago the losses due to evaporation were determined at twenty- 
four-hour intervals. While this interval served its purpose in the 
preliminary work, it seemed desirable to make determinations at more 
frequent intervals in order to obtain a better idea of the changes in rate 
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Fic. 60.—Showing rate of increase in concentration of sugar solutions in cells of 
honeycomb placed within the hive but screened from the bees. Cells filled one- 


fourth full. 
of evaporation. Accordingly weighings were made at two-hour intervals 
during the first eight hours, then at four-hour intervals during the day- 
light hours until the end of the third day, and after that at twenty-four- 
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hour intervals until the end of the tenth day. Throughout this discus- 
sion the term day is used to indicate a period of twenty-four hours, not 
necessarily the calendar day 


in mind the fact that ripe honey has a sugar concentration 


approximately SO per cent, we may proceed to consider some of the 


results f the experiments (see fies. 60 and 61 In both groups, A and B, 
the 20 and 30 per cent solutions gained rather slowly in concentration 
the first dav. after which the rate increased until a concentration 


of approximately 40 per cent was reached. From this point, the rate 


remained neat constant until a conce tration OT a] proximately éo per 
} ] m+ > wevhacl +1 7 + } + | ‘ 1 « ‘ - 9 ¢ " 
cent was reached, alter which the Tate ae reased until an approximate 
constant Was reat hed somewhere hetween SO and SS per cent In both 
rrnine ¢ 14) } {) 7 7 t enlatin: mamta ada rate + 1) ‘rease 
OT ) ( } ( t) ¢ Ct ( i.e) a ained a rate OT imcTeas¢ 
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the se dd ind he ) 1 ot} cel u ns by the end of the 


rm 1 : ‘ rs ] +} 9 rr 
Che time 1 1 { the ari 11101 rea ne SU per cent 
‘ ‘ <1 41 4 14 1, +1 , . 
stavewa lerabl an the time required eac] e maximum, 
alt 1 er than the figure of 
SO) t ‘ ite concentrat1 ol mpe 


: ; tin one d three- 
om : . ’ 4 e ‘At) ( cent in 
tw . theres ths davs R e SO per cent e was crossed 
bv the 60 ‘ t a Ct rths days by the 














R86 JOURNAL OF ECONOMIC ENTOMOLOG\ (Vol. 21 


four and one-half days, and by the 20 per cent after five and one-fourth 
days. Here again it will be observed that in the case of those combs in 
which the cells were filled three-fouths full, the tume required for the 
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Fic. 61.—Showing rate of increase in concentration of sugar solutions in cells of 
honeycomb placed within the hive but screened from the bees. Cells filled three 


1 


fourths full 


various solutions to reach the consistency of ripe honey was fully twice 
that required when the cells were only one-fourth full 

It is a common observation that, so long as available room permits, 
bees naturally tend to spread out the newly gathered nectar, placing 
only a small amount in each cell, later to be gathered up and stored 
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compactly before sealing. It is to be doubted whether bees often fill a 
cell more than one-fourth full of thin nectar under normal conditions, 
and as a rule the amount probably would be considerably less than that, 
with the possible exception of times of very heavy honeyflow. Then the 
amount used in the cells of group A in this experiment may be con- 
sidered at least large enough to approximate normal conditions. 

The results obtained from group A indicate that evaporation from 
nectar in the body of the cell takes place at a rate sufficient to advance it 
to the concentration of mpe honey within three days, if the initial 
concentration is 20 per cent or over, and within two days if the initial 
concentration is 30 per cent or over. (The time required for bees to 
ripen nectar into honey is usually considered to be about three days.) 
When the bees have access to the nectar, as they do under normal hive 
conditions, the evaporation process should be greatly accelerated over 
and above the rates indicated by the above determinations, due to the 
manipulation of the nectar by the mouthparts of the house-bee, and at 
times also to the hanging drops which the bees often place in the roofs 
of cells 

It is thus shown that evaporation within the hive, in its several 
phases, is adequate to account for the observed rate of nectar concen- 
tration. The results of the above experiments emphasize the fact that a 
large amount of comb space in the hive is a distinct advantage to the 


bees during the honey ripening process. 


DISINFECTING COMBS 
By G. L. Jarvis, Ontario Agricultural College, Guelph 
ABSTRACT 


Alcohol-formalin and water-formalin are not always effective for Ameri- 


can foul brood in cases where there are massed spores Treatment of brood 
combs may mean harboring or spreading the disease here is no danger of 
infection from dry super combs. Wet super combs that do not contain scales 


may be disinfected by immersing in hot water for 24 hours. 


The disposal of infected material, contaminated by contact with a 
colony of bees infected with American Foulbrood and the salvaging of 
equipment in a way which will tend to check the spread of the disease, 
rather than aid it, is a problem which has occupied the minds of not a 
few investigators, apiary inspectors and others interested in the welfare 


of the beekeeping industry. 
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It has been found important in this work to keep the practical appli- 
cation always in mind. This fact was the cause of varying the experi- 
ments in chemical solutions to a marked degree 

During the summer of 1924 and 1925 extensive experiments were car- 
ried on in the college apiaries to determine the efficiency of an alcohol- 
formalin solution and various strengths of water-formalin solution. 
These experiments were carried out with infected brood combs contain- 
ing a large number of scales formed by massed spores and larval re- 
mains. In some experiments the cells containing the remains of the 
diseased larvae were capped and in others the cappings were removed to 
determine what effect the capping had on the penetration of the solution. 

In 1924 alcohol-formalin and a 15 and 20% solution of commercial 
formalin were used as the disinfecting agents. The time of immersion 
varied from 24 hours in some experiments to 48 hours in others 

During this year negative results were obtained—not a single case of 
disease showing up in the colonies given treated combs 

In 1925 a series of experiments were carried on along the same liae 
except that the strength of the formalin was varied to a greater degree 
This year positive results were obtained in every experiment, the effi- 
ciency running from 0% to 90°. The highest percentage of efficiency was 
obtained from a 20% formalin-water solution where all the cellswere open. 

There was one serious disadvantage to be reckoned with in the treat- 
ing of brood combs with any chemical solution. Ontario beekeepers were 
already disappointed in control measures. They were ready for eradica- 
tion measures. The holding of material, so saturated with disease 
spores, and by this serving as a means of spread rather than control, 
along with the disastrous results obtained in 1925 led us to abandon 
further extensive experiments along this line 

Our attention in 1926 was directed toward saving the storage or 


1 
} 


super combs. As a means of spreading American Foulbrood these have 
always fallen in the doubtful column, and yet a well equipped apiary 
will likely average three boxes of these combs to one box of the more 
dangerous brood combs 

The object of the 1926 experiments was to discover, if possible, the 
danger of spread from wet super combs and find some simple method 
of handling these combs to remove all doubt. These combs are difficult 
to work with in that no visible signs of the disease are present. To over- 
come this, wet super combs from diseased colonies were used but to 
be certain that the spores were present, an inoculating syrup of an 
extremely high spore content was added to the small amount of honey 
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clinging to the cell walls. All check colonies where the combs were inocu- 
lated in this manner and which received no other treatment showed 
signs of the disease in a very short time. However where these combs 
were washed with water only, 50% of the colonies showed disease, 
indicating a necessary mass action to start the disease. It must be 
remembered that when inoculated these combs carried literally millions 
of Bacillus larvae spores. It was not a treatment where we would 
expect 100°% efficiency and we were surprised to see 50% give negative 
results. This led to the thought that a water treatment might be safe in 
the case of infected super combs as they would occur in nature. 

The material for our 1927 experiments was more difficult to locate 
as we decided to use combs from naturally infected brood chambers 
and where the infection was in an early stage, using combs filled with 
honey only, in order to obtain conditions as near as possible to a badly 
infected super comb. Seven packages of bees were placed on these 
combs after they had been immersed in water only for 24 hours. The 
results were negative, no disease showing up during the season. This 
work should be carried on for at least one more season 

e results of the four years experiments would indicate 

Ist. That alcohol-formalin and formalin-water solutions do not always 

ve 100%, efficiency where massed spores are conct rned. 


2nd. That the treating of brood combs may mean the harbouring of 


disease or even cause it to spread from lack of proper storage facilities. 
3rd. There is no danger of infection from dry super combs 
ith. Wet super combs that have not contained brood or any super 
combs that ‘po NOT CONTAIN SCALES’’ may be made safe by the simple 
method of immersi1 vater for 24 hour 
SOME TEMPERATURE RELATIONS OF WELANOTUS 
(COLEOPTERA, ELATERIDAE 
By B. B. Futton!, Research Entomologist, N. C. State College 
ABSTRACT 
Shade trees near i ground have been found to be a common habitat for adult 
Velanotus. Temperature experiments show that they cannot live long on the surface 
of sod ground on hot da’ Their choice of temperature, determined in a gradient, 
uch below the usual maximum temperature in open fields during summer. 
Negative phototropism causes the beetles to seek dark hiding places during the day. 
The larvae of Melanotus are more resistant to heat than the adults but do not 
voluntarily seek higher temperatures. Seasonal movements of wireworms may be 
( n correlated wv nil te erature change 


‘Contribution from the Entomology Section, fowa Agricultural Experiment 
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INTRODUCTION 


For several years large numbers of adult click beetles, Melanotus 
communis Gyll, have been observed hiding under burlap bands kept on 
apple trees for codling moth records. They have also been found among 
debris in the crotches of the trees and under pieces of loose bark. A 
search around other trees revealed the fact that this is a common habit 
for click beetles of this species. Willow, poplar, box elder, and elm 
trees were found which harbored numbers of the beetles in cavities of 
the trunk, under slabs of loose bark, under debris in 1 
soil cracks around the trunk. Trees in the vicinity of prairies or old 


pastures yielded the greatest numbers. By leaving a burlap band on a 


tree for a few days at least a few beetles could be obtained in most 
localities, even when none were found present at the time the band was 
applied. Beetles were found abundant about trees in May, June a1 
July. In August they became scarce 

The presence of the click beetles in such localities was puzzling and at 
first the wnter suspected that they were there in search of food. Obser- 
vations at night on old apple trees revealed the beetles running activel 
about on the trunk and branches of the trees but none were seen feedins 
on any part of the tree saits of diluted molasses or honey attracted 


large numbers at night and they fed on the sweetened fluid eager! 


TEMPERATURE EXPERIMENTS WITH ADULTS 


1 


In an effort to shed further light on the problem the writer tried 


~ : | - . 41 om lhe . > erle . =. 41 P , + 
removing beetles from their hiding places during the day and subjecti 


them to the surrounding environment. Click beetles were taken from 


a large poplar tree standing in a pasture. One was placed out in the 
partly dry grass in the sunlight. The beetle struggled wildly and pushed 
its way under some dead grass blades where it remained. On removing 
it after a few minutes it was found to be dead. Another was placed on 
bare ground in the sunlight. In one and a quarter minutes it was on it 


back and had ceased to struggle. After a total exposure of one and a 
half minutes it was placed in a bottle in the shade to see if it would 
recover but it did not. The maximum temperature recorded for the day 
was 92° F. in the shade 


’ 


After further experiments with the beetles on other days it became 
evident that they could not stand the heat that developed on sod ground 
Even on much cooler days they became very uncomfortable. If placed in 
the shade of a tree they would crawl toward it. If I stood within three or 
four feet of a beetle it woyld crawl directly toward me and change it 
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direction as | moved to one side or 


the ground would first climb some 
temperature was very high this sec 
ments would be 
Failing 


the plant in that it would 


th 


so violent that it would fal 
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e other. Usually a beetle placed on 
plant and attempt to fly. If the 
its move- 


+ 
A 


o be impossible. 


med 
before gaining the top of 
he ground and if it 


seek T 


. 
shade on 


succeeded in digging under a mat of grass it might live for several hours 
even on a hot day. Usually a beetle would continue to wander about 
until killed by the heat 

Wher he 1 erature in the hade was 90°! some of the beetles 
were able to flv. At still lower temperatures flight appeared less diffi- 
cult. The fl { o rapid that I could not follow their course. One flew 
directly toward me twice. Two others headed toward nearby buildings. 
Probably ere attracted by dark obje when flying as well as 
when crav 

Some fut experiments were tr o find out more accurately what 
temperature ould kill the beetl One bec dropped on the ground 
11 e su died in thre it The temperature at that point 
was 49°C. while t air temperaturt he ade was 36°C. At 45°C. in 
an oven a beetle died after 25 minut osure. At 46°C. a beetle was 
appart ad after six minut ut later partly recovered from the 
experienc: e minutes exp r i C. and 3% minutes exposure 
to 40" e oven caused death. Whi e ler that a temperature 
of 53°C. mi be developed urtace artlvy dry sod ground 
whe ea te rature in the a Oo 32°C. (90°F.) it is not 
u that beetles do ere lo luring the day 

In order to r ne what t rature the click beetles would select 
11 ( choice, a crude temperat radient was constructed. A 
rectangular trough about che juare and three feet long, contain- 
ing a few inch wet sand, was pack n 1 or a few inches at one 
end \ e the « osite ¢ i wa ar e open end of a box 
contai1 two 40-watt electri hts. The we and conducted the 
heat suffici o form a temperature gradient along the entire length 
al o the « i vert reater near tne ¢ ds Ten click beetles were 
placed in a glass tube nearly a as the trough and large enough 
for them to turn in readil' Bot ( 1 vere closed by large test tubes 
that fitted over the tube. The tube was placed in a trench in the sand 
bath leaving only enough on the top side exposed to permit observation 
of the beetl Thermometers were pushed into the sand a few inches 
apart, and in a slanting direction so that the bulbs were partly under 
the tube and contact with it. By leaving these in place constantly 
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during the experiment the temperature could be closely estimated for 
any part of the tube where beetles were resting. The temperature of the 
cold end varied during the course of the experiment from 9°C. to 13°C, 
while the hot end varied between 40° and 50°. The changes occurred 
slowly so that the beetles had ample time to react to them 

When the experiment was first started most of the 
dency to remain at the cold end. The ends of the 


1 


ends of the trough and somewhat darker on that account. While the 


beetles could not tolerate the hot end thev apparently found the low 
temperature at the other end less disturbing than the light. To equalize 
the light factor one inch strips of wood were placed across the tube 
five mches apart The beetles did not settle dow1 in any place per- 
manently but moved about from time to time 

Results were taken with three different sets of beetle and are tabu- 


lated below With the tl ird lot of beetles. the wooden bar Were removed 


and the first reading (No. 6) shows that the beetles again lingered in the 


shaded cold end of the tube For the last three readin the bar vere 
left off and the trough was covered between observation so that it was 
almost entirely dark. The totals show that 57° of the recorded resting 
points for the beetles came within the narrow range of 26 Ase 

Some additional evidence on the temperature preference of the 
beet! ‘SS Was obtain d b watching the mov ing beet le Whe na beetle 


started moving along the tube it would either stop at some point or 


continue toward the end unti! it encountered unfavorable temperature 


which would cause it to turn around. Some would continue slowly to 
the cold end of the tube but none ventured far in to the warm end. A 
number of records were taken of the temperature at points where the 
beetles turned. At the cold end of the tube these were as follows: in 
degrees C.: 10° (end), 13° (end 15°, 16! . five at 18°. 19°. two at 20 


three at 21°, and one at 22°. Beetles moving toward the warm end usu- 
ally slowed down rather suddenly at about 30°C. and began 
from side to side and finally turned. Temperatures recorded at turning 


oe ) 


points were 30°, 32°, 33°, 36°, 37°, 38 


EXPERIMENTS WITH MELANOTUS LARVA! 

The larvae of Melanotus communis were subjected to similar experi- 
ments to determine their optimum and maximum temperatures. The 
same temperature gradient was used with the exception that a smaller 
tube was used and that it contained a thin uniform layer of moist sand 
Ten wireworms were placed in the tube, five at each end. Those at the 


warm end left quickly except one that persisted for some time in trying 
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to bore thru the vial that closed the end of the tube. The temperatures 
where wireworms could be seen without opening the tube are recorded 
in the table below. The tube was kept in nearly complete darkness 


during the experiment. 


TABLE 2, SHOWING POSITION OF WIREWORMS IN A TEMPERATURE GRADIENT 


Length of Position of Wireworms in Gradient. Degrees C 








Confinement 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 
1 hr. 3° I 2 i ee 
6 hr. 5* l > } 
64s 2 es 
IS yy 2 l l 2 3 
18's 2° ki fs I | 
Totals. 6 9d 2221824138 4 iI l 

*End of the tube 

Data on the maximum temperatures for the wireworms wa )tained 
by means of a Freas water thermostat. Test tubes were suspended in 
the water bath, weighted down by small pieces of lead, and the openings 
covered with small pieces of celluloid. The temperature was taken ) 
with an accurate thermometer inside of one of the tube After the 
temperature had become stabilized the wireworms were dropped into 
the other tubes and subjected to the heat for various periods of time 


After removal they were placed in large vials on moist sand 
were loosely corked, labeled and left at room temperature for a day to 
permit recovery of the wireworms, if the exposure had not been long 


enough to kill 
heat than thi 


The larvae were considerably more resistant to |] adults 
The results of the experiments, are shown in Fig. 62, except the data 


When plotted on cr 


the various ter 


emperatures ection 


given below for two lower t 


t that the killing points for peta- 


tle 
1UiC@tT) 


paper it became ey 


| _ | ‘ 
a hyperbola. It was 


tures were arranged in a curve having the form of 

found that the points above 47°C. fitted very closely 

curve, any point of which could be computed by the 
D ee , 

1 21D—196.59'! meats 

increasing divergence between the experimental data and the « 

The curve would never reach the line for 


to a mathematical 


equatior T 


17 C. there an 


time, D = temperature 


omputed 
points on the curve 14.°C 
altho at that temperature it was possible to kill the larvae by an « 


of 32 minutes. At 44.6°C, larvae survived an exposure of 150 minutes 


xposure 





but were killed by 225 minutes exposure. It is entirely possible that 
*Computed by Prof. A. E. Brandt, Mathematical Statistics Dept., Iowa State 


College. 
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the prolonged exposure at the lower range of temperatures causes death 
by dehydration or in some different way than the shorter exposures at 
the higher range of temperatures 


DiscussION OF RESULTS 
The experiments with the adult Melanotus communis explain some 
habits which at first seem to have no significance in their life history. 
The beetles are sensitive to high temperatures and negat.vely photo- 
tropic. Their optimum temperature range is from 20° and 30°C. with a 
theoretical optimum as indicated by their selection of temperature in a 


x 


° ° 
a ™ 


x DEAD 
° SURVIVED 


IN MINUTES 


TIME EXPOSED 





47 48 49 SO SI 52 54 
TEMPERATURE IN Rieosigmenntnenn Cc. 


Fic. 62 Results of exposure of wirewo iN iy ten peratures for v arious 
The curve was computed to fit the experimental data. 
gradient, at about 27° or 28°C. Above 30°C. the heat becomes in- 


creasingly intolerable to them, and they make violent efforts to escape 
it. Below 20°C. the temperature does not influence their movements so 
strongly and a slight decrease in light will induce them to enter colder 
situations 

The beetles carry on their natural activities at night. Both reduced 
light and lower temperatures probably induce greater activity. Altho 
not checked on by direct observation it is probable that the beetles 


leave the trees where they find shelter during the day and fly to fields 
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for oviposition. With the increase of light and heat in the morning the 
beetles, guided by the sense of sight, fly toward dark objects and thus 
find their way back to the tree trunks where they enter the coolest and 
darkest situations 

The larvae of Melanotus communts are more resistant to heat than the 
adults but judging by the rather limited evidence in the temperature 
gradient experiment they do not select higher temperatures than the 
adults. Only one moved voluntarily into a temperature higher than 
29°C. The wireworms used in the experiment showed no marked 
preference for any limited temperature range between 17° and 29°C, 
The rather large number recorded at 13°C. was probably due to the 
fact that those were in the end of the tube. They sometimes persisted 
in trying to bore into the end of the tube in an effort to completely sur- 
round the:nselves with soil. The wireworms were continually moving 
during the experiment and seemed constantly disturbed by the fact 
that they could nct get entirely under the sand. If apparatus can be 
devised to perr1it submergence in soil and not make the recording of 
data too difficult a more accurate determination of the optimum tem- 
perature may be possible ° 

It is known that wireworms become less destructive in midsummer on 
account of working deeper into the soil at that time. In the spring 
and early summer they are found in the upper soil layers or even above 
the soil in manure of cattle and horses in pastures. Data from these 
experiments is not sufficient to explain fully the influence of tempera- 
ture on the seasonal movement of wireworms. No doubt soil moisture is 
an equal or greater factor in determining seasonal migrations. However 
if we assume an optimum of about 21°C. which is the average of all 
the records shown in the table, it would correlate closely with what is 
known of wireworm movements. According to data taken by Bouyoucos 
(1) in Michigan the temperature of loam soil gets above 21°C. in the 
upper six inches in July and August. In April, May and June the 
temperature of the upper two inches of soil are closest to 21°C. while 
the lower levels are cooler. This would be expected to attract the wire- 
worms upward. In September or October the temperature gradient of 
the soil is reversed so that the higher temperatures are below and this 
condition remains until March. During these months then we would 
expect to find the wireworms deep in the soil. On this point we have little 
positive evidence. Excavations of three feet in depth failed to reveal a 
single wireworm on October 25, 1927, in a piece of sod where wireworms 
of various ages were unusually abundant in the upper layers during the 
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early summer. In Kansas, McCulloch, Hayes and Bryson (2) found 
wireworms of several species, during two winters, at average depths of 
7.7 inches and 10.1 inches. 
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WATER CONSERVATION IN INSECTS! 


By WILLIAM Rosinson, Deviston of Entomology. University of Minnesota 
ABSTRACT 
Insects which live on food vy in water ive the capacity, hke the cactus, of 
holding much of their water in the bound or colloidal condition. In this form the 
water is held firmly against the force of desiccation. This capacity varies inversely 
as the total water mntent of the insect 


Since the greatest part of living tissue is water, it follows that this 


constituent 1s an exceedingly important one in the life of the individual. 


, tissues, cells and protoplasm. 


? 


Water is everywhere present in the organ 
It dissolves the food so that it can be digested and pass through into the 


circulation. It is the medium by which the nutrients are distributed 


throughout the body to the points of oxidation. 
to the outside; and it permits and 


It is the great carner 


of the poisonous waste product: 
largely facilitates the vital processes of the organs. This single factor of 
water, therefore, exercises a profound and far-reaching effect wpon the 
upply is necessary, and unless it is 


maintained within certain limits life will cease 


organism. A large and constant 
In general, life can be 


maintained longer without food than without water. 
ent ranges from fifty to ninety 


Li 


In insects, the amount of water pre 
ding upon their habits and the nature 


7 
bis 


per cent of the total weight, depe 
The food differs greatly in its water content, from less than 


of their f¢ ry J f 
Those species which feed upon 


ten to as high as ninety-five per cent 
succulent tissue have an abundant source of supply, and the matter of 
conserving the water ts of little importance to them; rather the problem 
of such insects is the elimination of excess moisture. This is true, of 
course, only so long as the food remains succulent; however, it is known 
that with a decrease in the per cent of water, as when the food wilts, 

There is another group which lives upon 


these insects quickly perish 
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stored or air-dried materials containing as low as eight per cent water, 
With them the conservation of their water is of vital importance. 

All living organisms receive water from their metabolic processes. 
This is formed as a byproduct of metabolism and in most cases it makes 
up only a small part of the total water received, the greater part being 
taken up in drinking and with the food. However, with those species of 
insects which live upon dry food this is the largest and most important 
source of supply and without it they could not exist. 

The cactus is a classical example of a plant which is able to conserve 
its water content in a remarkably efficient manner. Not only is it able to 
exist under desert conditions of very low rainfall and great evaporation, 
but it is actually able to build up and hold a large amount of water in its 
tissues. It is not accomplished by osmotic pressure, for this is low in such 
plants. The mechanism with which the cactus holds the water in its 
tissues is by the adsorption of water on the surface of its colloids. The 
cells of all living tissue, both plant and animal, contain countless millions 
of minute colloidal bodies which attract and bind water as a film on their 
surfaces. The water thus bound is held by the colloidal particles with a 
force which is astounding in biology.” 

The possibility that this phenomenon characteristic of the cactus 
could be found also in insects occurred to the writer when working with 
the’ Granary Weevil, Sitophilus granarius. This species can live in 
stored wheat having a moisture content as low as nine per cent, and it has 
access to external water in no other way. This provided an example 
among animals somewhat analogous to that of the cactus among plants 
It then remained to determine what proportion of the total water of the 
grain weevils was in the free and in the bound form. Numerous tests 
were made and it was discovered that fifty per cent of the water was 
bound and held by the colloids in this condition. 

Several species of insects which live on foods differing widely in their 
water content were then obtained, and a series of experiments was 
conducted to determine if the general phenomenon could be found 
among insects of water binding in an inverse proportion to the amount 
of water available in the food. That is, if on the one hand those 
species which live on food low in water and thus have the need to hold on 
to their supply would bind a large amount; and if on the other hand 
those which feed on succulent tissues with a large amount of water 





*For a more detailed discussion of this statement the reader is referred to a paper 
by the author entitled ‘‘Relation of hydrophilic colloids to winter hardiness of 
insects’”’ published in the Fifth Colloid Symposium Monograph. A reprint will be 


sent upon request. 
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a = , 
available, prigenting no need for a mechanism to conserve the supply, 
would bind a yoportionately small amount. The species used are listed 
in Table 1. 
TABLE 1. List oF Spectres UsED IN BouND WATER TEsTs 
Water Water 


Specie Food Plant Content Content 
of Food of Insects 

t oy 

t tf 


Granary Weevil, adult 


(Sitophilus granarius) Stored Wheat 9-11 46-47 
Rice Weevil, adult 

(Sitophilus oryza Stored Wheat 15-16 48-50 
Locust Borer, adult 

Cyllene robiniae Locust tree trunk 30-32 56-60 
Colorado Potato Beetle, adult 

(Leptinotarsa decemlineata) Potato plant, leaves and stem 70-74 62-66 
White grub, larva 

(Phyllophaga spp. Wheat shoots and roots 64-67 73-82 
Mourning Cloak, larva 

(Vanessa antiopa Willow leaves 70-73 77-79 
Willow Sawfly, larva 

Cimbex americana Willow leave 70-73 79-82 
Cutworm, larva 

Chorizagrotis auxtitart Lettuce 78-79 83-88 
Army Worm, larva 

Cirphts untpuncta Corn leaves and stem 77-78 87-89 
Imyx rted Cabbage Worn 

(Pontia rapae Cabbage SS-SY9 83-84 
Po] pne uSs-! oth, larva 

Telea poly phemus Hazel leaves 71-73 90-92 


These insects were taken directly from their food and determinations 
made of the total, free and bound water content. From these tests it will 
be seen that the abundance of water present in the food affects the total 
water content of the insect’s tissue, Fig. 63. Those species shown in the 
lower part of the chart which are able to exist upon food very low in 
water, have themselves a low water content; whereas the remainder 
which require a large per cent of water have a noticeably increased 
amount. The relation between total water of the food and that of the 
insect takes the form of a straight line. This is the full black line, the 
lower of the two lines shown in Fig. 63. It represents the relations 
between water content of the food and that of the insect, as these 
relations actually exist. 

It will be noticed that most of the cases fall on or near this line. The 


upper or broken line represents a hypothetical condition in which the 
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water content of the insect would be the same as that of its food. None 
of the cases fall on this line and only two or three occur in its vicinity. 
This shows that other factors come in to affect the total water content of 
the insect, and the degree of the deviation from the broken line indicates the 
extent of the influence of these other factors. 

All the cases on the lower side of the broken line indicate that the 


water content of the insects is greater than that of the food. Also, the 
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TOTAL WATER OF INSECT 


Fic. 63.—Relationship between water content of insects and their 
less the per cent of water in the food the greater is the divergence, which 
means that a correspondingly large amount is received from another 
source. This other source has already been mentioned,namely, 
of metabolism. Upon looking at the chart in Fig. 63 it is not difficult 


logy of some 


the water 


to realize the importance of metabolic water in the physio 
species. It would probably be impossible for some species to exist if 
dependent entirely upon the scanty amount of water obtainable from 


their food. 
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Water of metabolism is thus an important factor in affecting the total 
water content of the individual. Another factor, which is itself made up 
of a number of factors, is the general physiology of the species. After 
grouping all sources of water, and taking into consideration the demands 
of the insect’s physiology such as water requirement and elimination, we 
then have as a resultant for this study the total water content of the 
individual 

The water binding capacity of the different species is shown in Fig. 64 
where a correlation has been made between the total water of the individ- 
dual and the amount held in the bound condition by colloids. Those 
species which live on comparatively dry food and have a small percent- 
age of water in their own tissues, hold a large per cent of it in the 


bound form. where it is secure against the forces of desiccation. For 


instance, the Granary Weevil which has only forty-six per cent total 
water has fifty per cent of this in the bound condition. The Rice Weevil, 


with slightly more total water, namely forty-eight per cent has a smaller 


proportion or thirty-five per cent of it bound; and the Locust Borer, 


with fifty-eight per cent total water binds twenty per cent 

At the other end of the chart are species which live on food high in 
water and which consequently have a high content themselves. A 
reverse order of conditions occurs here. Having a large amount of water 
in their tissues, namely from fifty-eight to ninety-two per cent, they 
have a very small amount of it bound. This amount runs from nine to as 
low as three per cent respectively 

These preliminary tests indicate therefore, that the remarkable 
property of the cactus, among plants, of retaining its water supply 


against desiccation by colloidally binding a large proportion of it, is 


found also in the animal kingdom with some species of insects which 
live under low mositure conditions and to which the conserving of their 
1 


water supply 1s of vital importance 


OUMMARY 


The role of water in the physiology of insects is discussed briefly. The 


1 ‘ 4 
+ + 


range in the total water content of insects and of their food is given, and 


the value of metabolic water as a source of supply is mentioned. A brief 


statement is made of the mechanism with which the cactus conserves 1ts 


water supply; and some experiments are described in which it has been 


demonstrated that this same capacity is possessed by some insects which 


live under low moisture conditions 
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RESPONSES OF INSECTS TO SMELL AND TASTE AND THEIR 
VALUE IN CONTROL 


By N. E. McInpoo, Senior Entomologist, Deciduous-Fruit Insect Investigations, 
U. S. Bureau of Entomology 


ABSTRACT 


Since the literature on this subject is widely scattered and has newer been 
collected and reviewed, the following brief summary will be of interest to 
entomologists. This information was gleaned from hundreds of refer- 


many 
ences, but only 51 of them are cited here 


The perfume industry is the most important practical application of 
smell, and the writer ventures to say that economic entomology is its 
second most important one. Few people realize the importance which 
smell and taste play in helping to control insects. The information 
gained while using attractive baits and repellents to control insects has 
come about in a haphazard way by the trial-and-error method, the most 
laborious and expensive procedure of all. We should no longer be com- 
pelled to use this method, but since no definite rules have been estab- 
lished there seems to be no other way of attacking problems dealing 
with the senses depending upon chemical properties. The likes and dis- 
likes of insects in regard to attractive and repellent odors are so different 


from our own that a person’s sensations can not be used as a guide. 


UsrEs OF SMELL IN BEEKEEPING 


Smell seems to be the chief factor on which the social life of a colony 
of bees is founded, and it is the one used by the beekeeper in controlling 
them. Smoke is an indispensable means of controlling bees, but it might 
be argued that smoke is an irritant and does not necessarily control bees 
by affecting their smelling organs. This question is debatable, although 
they can detect smaller quantities of smoke than can a person, and a 
small amount does not irritate us. Other facts concerning smell in 
beekeeping are as follows: A new hive odor is formed in uniting colonies. 
The foreign hive odor is eliminated in introducing queens. Bee odors 
helps us to tell whether 


help in catching swarms. And the queen odor 


or not a colony is queenless and aids in locating queens. 


ATTRACTIVE BAITS AND ATTRACTANTS 
In regard to attractive baits smell and taste are both used, although 


the writer believes that insects do not have a true sense of taste. Rela- 


11 


tive to odorous materials used in controll 
attrahents, usually called ‘“attractants,’’ and repellents (not repellants). 


ing insects there are two kinds— 
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Poisoned attractive baits were first tried against grasshoppers in 1885 
in California by Coquillett. After having prepared a food which grass- 
hoppers like better than their natural one, the next problem was to 
improve it in every way possible—particularly in regard to its cheapness 
and attractiveness. The next important step was made by Dean (9) 
who used oranges or lemons as an attractant. The next important step 
was made by Parker (31) who substituted amyl acetate or banana oil 
for the oranges or lemons in the bait. Let us cite one example of recent 
grasshopper campaigns to show the immense quantities of poisoned 
bait used and the millions of dollars saved by its application. In 1921 
war was declared against these insects in western Canada and the 


campaign was organized on a semi-military basis. In Saskatchewan 


the supplies furnished to the municipality amounted to 2,720 tons of 
bran, 225 tons of sawdust, 112,636 gallons of molasses, 2,805 cases of 


lemons, 166 tons of arsenic, 34 tons of Paris green, and one barrel of 
amyl acetate. The campaign in this province alone is estimated to have 


saved 1,400,000 acres of crons. 


Attractive poisoned bran baits are also used as control measures 
against armyworms, cutworms, crickets, and earwigs, thus saving the 
farmers and others millions of dollars. 

Poisoned baits for ants were seldom recommended and little improve- 


ment in their attractiveness was obtained before 1909, in which year 
control measures were first suggested against the Argentine ant. Ento- 
mologists finally prepared a satisfactory bait which now is generally 
recommended as a remedy against all noxious ants. It consists of 11 
pints of water, 7 grams of tartaric acid, 9 grams of benzoate of soda, 
12 pounds of granulated sugar, 2 pounds of strained 
ounce of sodium arsenite. Great care must be exercised in preparing 
this bait, and also particular attention must be paid to the cleanliness of 
the vessels used, for if the bait accidentally becomes flavored with any 
undesirable substance it will be unattended by the ants (50 

The struggle against the olive fly has been a long and hard contest and 


no pro’ress was made against it till sweet poisoned foods were used. It 


seems that all the countries troubled with this pest are now using the 
spray method and that only a part of each olive tree is sprayed. The 
spray used consists of 90 gallons of water, 100 pounds of mola , and 


2.5 or 3 pounds of sodium arsenite. 

Other fruit flies, including the Mediterranean fruit fly and melon fly, 
are partly controlled by attractive baits or sprays. 

Fly-poison preparations, many of which contain arsenic, are now 


+ 


common on the market. A weak solution of formalin is at present more 
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generally used instead of arsenic. More recently, however, the U. S. 
Public Health Service has recommended a | per cent solution of sodium 
salicylate, which, when added to milk or sugar sirup is considered almost 
equally as effective 

After the advent of the fly-trap the idea was to develop an attractive 


bait so powerful that it would attract flies from long distances. A mix- 


ture consisting of 2 gallons of cheap molasses, 1 pound of sodium arsenite, 
and 10 gallons of water has recently been sprayed on trees and other 
objects with good results. A mixture consisting of 5 per cent sugar, 12 


‘ 


f glycerine, 1 per cent of sodium arsenite, and water proved 


per cent ¢ 
successful against flies during the Egyptian campaign of the late war. 
Maxwell-Lefroy (28) claimed that at last he had found the ideal bait 
which filled his bottle-traps full of fli It consists of casein, brown 


ture must stand for at 


f 

~ 
4 

~ 

“ 

pe) 
- 
‘A 


least 24 hours before flies pay much attention toit. In Egypt the thou- 


sands of flies attracted from a neighboring village by the strong odor of 


butyl acetate afforded an example of chemotropism on a very large scale. 
Experiments caused Richardson (34, 35) to conclude: First, that house 
flies, are attracted to fermenting organic substances largely by the odor 


of ammonia, a product of this fermentation; second, that ammonia 
attracts a preponderance of females; and third, that when butyric and 
valerianic acids are added to the ammoniated substance the egg-laying 
response of the house fly is increased. Crumb and Lyon (8) conclude 
that carbon dioxide induces the house fly to lay eggs in fermenting 
substances, but that ammonia does not possess this attracting influence. 


i av Alii A i il 


| 
} 


Thev remark that the apparent discrepancy between their results and 
those of Richardson is merely a question of interpreting results, because 
they believe that eggs were laid only where carbon dioxide was being 
liberated, and that the female house fly is attracted for egg-laying by 
decaving organic matter in proportion to the vapors of carbonic and 
acetic acids liberated in the fermentation processes. In another paper 
Richardson (36) answered the criticisms of Crumb and Lyon by repeat- 
ing his experiments with their nidus, bran. He confirmed his former 
results, but did not observe that carbon dioxide attracted the house fly 
to its natural environment. After making a study of the chemotropic 
reactions of 19 species of flies to fermenting and putrefying substances, 


Roubaud and Veillon (39) point out that the problem is a more complex 


one than has been generally supposed. Not only do the reactions of 
different species differ, but also they differ between sexes of the same 


species. These authors state that neither carbonic acid gas nor water 
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weak acids, volatile oils or their constituents, sugars, and molasses as 
attractants. The fermenting sugar baits attra ted the most peach moths. 
Peterson (33) tested about 250 aromatic che micals as possible attract- 
‘or the peach moth. Terpineol and sev ral essential oils were some- 
what attractive, but much less than were several fermenting sugar- 
producing products Fermenting fruits (dried fruit in water), parti- 
cularly prunes, pears and apricots, attract d large numbers ¢ f moths 


Using dried fruits, sugars, and sirups in Mary land peach orchards in 


1926 iegler and Brown obtained rest It imilar to those of Peterson 
Apricots were the most attractive of the ari 1 fruits used 
e codling moth is attracted to fruit trees by odors, 


. . . 4 7 eal 
Yettet | ( nducted a lary CT ot experimmett in Colorado by 


u ) aro! chem Of these onlv 5 attracted moths in sufh- 
cient numbers to give promising result lhese 5 are isobutyl-phenyl 
act le. bromo stvyrol, benzyl benzoate and safrol. He 
firmly believes that, if this method were systematically carried out by all 


the gt ers in the Grand Valley and for the entire season much could 


1! t promising al | clear cut amp I OW a definite chemical 


‘tuent can allure myriads of insects to their doom is had by feeding 


attractive bat ented wit é ese beetles, as demon- 
st d Inu 1) 1 d 34 al Ry eTLo! Ne le e' For %0) years OT 
1 e much has beet done to develop a rem iv for the strawberry Toot 
wer t until recentlv has a satisfactory control measure been 
dis ered An attractive bait has at last beet leveloped by Forsell 
It is claimed that the discovery and perfection of thi poisoned bait 
marks an important horticultural step in the fruit industry of the state 
of Washington, because this weevil had become so erious in many places 
that the strawberrv-growing industry seemed doomed (29 


A brief discussion of attractants and repellet given by Wardle and 


The entire subject of attracting and Trepelu Vv é ‘cal agents is 


called chemotropism, but in regard to animals 1t should really be termed 
ch motarvi lea ins the word cl emotropism O express the responses of 
plants to chemical agents. Attractants 1 duce positive chemotropism and 
repellents negative chemotropism Tragardh (44) says: “By the term 


‘chemotropism’ is meant, as well known, the automatic orientation of 


the animals to any olfactory sensation in suc h a manner that both sides 


of the body are struck by the lines of diffusion at the same angle 
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Tt ° ~~ 7 * 
Mheoretically, when a substance diffuses an odour, fine particles are 
ejected in straight lines, but in reality the air currents cause the lines to 
deviate from their straight track.”’ 

‘™ » . ° 1 

he first investigator to apply chemotropism in economic entomology 
was Verschaffelt (46) of Holland, who experimented with cabbage worms 
in 1910. He believes that they seek out various mustard oils as well as 


the various glucosides derived from them, and that in nature the whole 


group of mustard oils attracts them to their host plants, including the 
cabbage plant and other related crucifers 
he first writer to emphasize a serious study of chemotropism as well 


as all other tropisms for the purpose of discovering new weapons for 


fighting noxious insects was Dewitz (10) of Germany in 1912 

The first economic entomologist to apply chemotropism, as such, in 
control measures was an Englishman, the late F. M1. Howlett (18) in 
1912. For several vears before his death he was the recognized leader in 
this line of research and his publications served as a strong stiumulus to 
encourage other work along similar lines. His loc: at | India 
was peculharly tavorable for chemotropic experimentation, and his 
pioneer work has blazed the trail for many others. He imagined that 
the sense of smell in insects has been developed only in cert lire ns, 
and that these animals are extremely sensitive to the odor certain 
substances, while oth lors dO not make any impress on the In 
other wa Ie ve naa “ ITT at ( eT Species Ss « lat ed 1 ( to 
react to the odor of certain organic substances which under normal 
conditions play a part in their life. Consequently, there should exist a 
certain correlation between food specialization and the sens me 

Up to 1913 Tragardh (44) of Sweden tells us that the importance of 
chemotropism has not been sufficiently emphasized; theretore, he lays 
great stress on this new line of endeavor, hoping that 1n the near future 
new weapons of warfare will be discovered for combating T ect 
enemie 

After pointing out what an abundant field exists for physiological 
research as regards chemotropism, Imms (20) of England in 1914 re- 
marks that it is a line of work which 1s hkely to achieve 1 tant 
practical results that n ight be applied, in many instances, at no great 


cost of labor or outlay of money 
Chemotropism. savs the late C. G. Hewitt (16) of Canada in 1917, is 


the reaction to stimuli of a chemical nature perceived through the olfac- 


tory sense. Since odor is undoubtedly the most 1mportant factor in the 
environment of insects, the importance of this tropism 1s evident 
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Sen (40) of India in 1918 says that nowhere in the animal world is 
there a more restricted choice of food for certain caterpillars. There- 
P . } 7 sfhaos s+ Are + teagan) ¢ : 93477 Wrhat ¢ i+ ; ‘ artic l 

tore e : $1 ery altura enquire What 18 Il in a particular 
food that exercises such a strong attraction to a given species of insect? 


MeIndoo (24) in 1919 also stressed the importance of this line of 


research for the sake of finding attractive baits in order to help control 
come r insect enemie 

he importance of chemotropism in economic entomology was stressed 
bv Treher 1 tf Canada in 1922 H a’ There seems little doubt 
that, 1 neral, insects are attracted to their food plants, hosts or 








habitat positive chemical stimuli, and repelled by negative chemical 
stimuli and their actions in their habitat are erned by a complex of 


timuli w : while ‘ . 9 avn? ed are not fully understood ** * 


We have not properly considered the reaction of these stimuli upon the 
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p | } ] , ‘ ? rr = * *’ ‘ .? ‘ “« 7 * : J 
the writer lom or never ust en an animal tracks its 
| a 7 — = entre * ++ . : } Whar ters¢ s1 4 NT > nm ¢ 
i T)T ( ‘ al are vv ie a l O11. 18 exposed in a 
+ 4 + , +} 1} } 
ba iT tw n { e atti T its 11 he neighborhood 
. ‘. 1 
Dogs, inst f becoming infatuated with catnip odor, delight in 
cme ‘ t { et t The B ( Survey uses catnip oil to 
| | + x . ‘ } slle 
LIT ¢ tT t tra] T f silv caught and killed 
, , - 
lest é that t 1 I n attracting all the cat 
Te" T ( t t >t 
\ 
_— peg 
Hov et et 1 ! scussed by Richardson 
7) 
| ri tt } rilit nd their ! d plants 
. 7 7 y 
9 7 . 7 * + evita ' 7 t r 7 


part il t it : ( ry to appeal to the chemist 
for infor to the bstance respo1 e tor the attraction 1n such : 
é ut 1 now | ces is obtained it will 
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Lutz (23) admits that our ignorancs floral odors and the olfactory 
sense of insects is practically complete, and warns us not to make the 
mistake of assuming that onlv those things which man perceives need be 
considered when teating insects a1 ‘i 
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Using an insect olfactometer McIndoo (25-27) gives indisputable 
proof for the first time that plants (not flowers) attract insects by the 
odors emitted 


REPELLENTS 


Repellents usually have only temporary effects of short duration in 
keeping the harmful insects a short distance from the bodies of persons 
and domestic animals or from cultivated plants. A few repellents under 
certain conditions, however, may be effective for long periods 


Smoke has been referred to as a repellent to contro 


is an effective one against mosquitoes and biting flies. Many of the 
substances used as repellents emit poisonous exhalations. It ques- 
tionable in these cases whether it is primarily through the action of the 
olfactory sense that the insects are driven away. In other words, it is 


not known whether the repellent effect 1s caused by the stimulation of 


the smelling organs by these exhalations or whether the insects are 
injured by the passage of the exhalations into the breathing pores 
Poisonous repellents include coal tar and petroleum and many of their 
derivatives, such as napthalene, carbolic acid, kerosene, etc. In other 
cases the olfactory sense is certainly the primary factor to be « dered 

People long ago searched drugstores for mosquito repellents and 
among the'first ones tried were camphor and certain essential oils. By 
1900 a large list of aromatics were being used as mosquito repellents, oil 
of citronella being the most promising. There are now numerous 
mosquito “‘chasers’’ on the market. Most of them are effective, al- 
though rather expensive, and perhaps in most cases not so efficient as 
those recommended by entomologists and medical men. They are 


usually composed of one or more essential oils which are combined with 
some heavy oil or grease and are to be applied as lotions, sprays, or 
ointments, depending on their consistency (15, 17, 48 

How do these substances afford protection against mosquito bites? 
One writer claims that mosquitoes are guided in the dark to a person by 
the odors emitted from the skin, and that all that is necessary is to dis- 
guise the smell of the skin. Therefore, he infers that mosquito repellents 
are not really repugnant to these insects, but are effective merely because 
they change or disguise the attractive odors from the human skin. A 
second writer believes that these substances repel directly by emitting 
odors or vapors which are disagreeable or harmful to the mosquitoes (338). 

Before 1889 there were a few fly repellents on the market. During the 
first decade of the twentieth century the proprietary preparations of this 
character had greatly increased, and during this period were introduced 
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the two most important sprays to protect dairy cows (4, 7, 14) and the 
mixtures designed to prevent fly eggs from being deposited in wounds of 
live stock. With the latter object 1n view much experimental work has 
been done (1, 21), and one of the control measures developed, and a very 
fective one, is the use of a repellent mixture of one part furfural and 


el 
four parts of pine-tal oil 
Repellents are 1n luded among the control measures for blowflies (6, 
92) tsetse flies, botflies, certain simultd « r black flies (3), certain midges 
causing sandfly fever (15, 49), and a few beetles (42), moths, and other 
insects (11, 12, 41); but in most cases repellents, for various reasons, are 
ot reliable rem« es 
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NOTES ON THE CHEMOTROPIC RESPONSES OF CERTAIN 
INSECTS 


By A. C. MorGAN and S. E. Crump, As tate Entomologists, Bureau of Entomology, 


iefl me of the studies on insect chemotropism 
conducted over a period of 14 years at Clarksville, Tenn. During the period of 
investigation erent che mi al a 1 ul anc were tested. The observa- 
tions and experiments covered insects belonging to several orders including Lepi- 
doptera, Coleoptera, Hymenoptera, Diptera, and Thysanoptera. Though in most 


instance the results were only indicative, the experimet! 


ts brought out the fact 


that hornworm moths were strongly attracted to amyl salicylate and large numbers 


of moths were caught in the field by placing this chemical in suitable traps. Three 


types of appar: 
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INTRODUCTION 

The subject of chemotropic responses of insects has occupied the 
attention of the workers at the Tobacco Insect Laboratory of the Bureau 
of Entomology, located at Clarksville, Tenn., since 1912, when the first 
experiments indicated the decided responses of thrips to certain alde- 
hydes. Some of the observations have been published, as noted in 
succeeding pages, and a more extended paper upon the chemo-tropic 
responses of tobacco-hornworm moths is in preparation. 

The observations herein listed, although incomplete, are indicative, 
in many instances, of a very decided attraction of insects to certain 
chemicals. These preliminary records are offered with the hope that 
they may be of service to other workers interested in this promising 


factor in insect control. 


RESULTS OBTAINED WITH LEPIDOPTERA 
LARVAE OF THE ToBacco HorNworM, Protoparce sexta JOH. 

Sixty-nine species of plants, after having been dipped in a steam 
distillate of either tobacco or jimsonweed leaves, were offered to larvae of 
Protoparce sexta. Mullein (Verbascum thapsus) and morning-glory 
([pomaea hederacea) were fed upon more freely than the others, but 
these were nibbled to a slight extent even when untreated. The larvae 
also fed slightly upon treated leaves of pokeweed (Piytolacca decandra), 
smartweed (Polygonum sp.), horehound (Marrubium vulgare), elder 
(Sambucus sp), rape, Malva rotundifolia, thistle (Cirsium sp.), Paulonta 
imperialis, apple, Plantago lanceolata, Rumex crispus, sycamore, white 
mulberry, Bidens sp., and red clover. Untreated plants of the foregoing 
species were not fed upon. 

When sheets of paraffin were impregnated with an ether extract of 
green tobacco leaf, the larvae fed upon them very freely for several days 
until the excrement consisted entirely of pellets of paraffin. They 
seemed to obtain no nourishment from this material and grew thin and 
shrivelled but continued to feed. 


Morus or Tospacco HoRNWORMS 


OvIPOsITION Responses: A series of experiments was conducted in 
specially constructed cages, 12 feet square and 6 feet high, to find, if 
possible, an oviposition stimulant for hornworm moths. Tobacco leaves 
were suspended in the cages, half of which were sprayed with a solution 
of a chemical and the other half served as controls. Most of the materials 
tested were aminoacids. Glycocoll alone showed positive results in 
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concentrating oviposition but not enough to encourage further experi- 
ments. 

FEEDING Responses: The experiments to discover a feeding attrahent 
were more encouraging. Near the close of a year of tests, amyl salicylate 
was found to be decidedly attractive to the moths. In cage tests 
made late in August, 1925, it was found that more visits were made by 
the moths to a black rag scented with amy] salicylate than were made to 
a bouquet of fresh blossoms of jimsonweed, which is the insect’s preferred 
natural source of food. 

A trap cage similar in construction to an enlarged house-fly trap was 
devised in 1926 and six of these cages were placed in and around a 16-acre 
field of tobacco. The traps were visited daily for the removal of the 
moths and rebaiting. During the period of exposure, July 20 to Septem- 
ber 22, 665 males and 412 females of P. sexta and 566 males and 543 
females of P. quinquemaculata Haw. were trapped. The infestation of 
the trapped field during this period averaged 2.87 worms and eggs per 
plant, while the surrounding untrapped fields averaged slightly more 
than 6 worms and eggs per plant. 


MOTHS OF OTHER SPHINGIDAE 
Thirteen species of sphinx moths were caught in the traps baited with 
amyl] salicylate during 1926. Only a few moths of species other than 
Sphingidae were caught. 
CUTWORM MOTHS 
Of the numerous materials tested nothing was found which equalled 
fermenting fruits 4s am attrahent for cutworm moths. Ethyl alcohol, 
nitrobenzene, artificiai musk, and civet were also slightly attractive to 
the moths 
CUTWORMS 
In the experiments with cutworms an apparatus made of galvanized 
iron was used. It consisted of a round central chamber 6 inches in 
diameter and 3 inches high connected by narrow passages with each of 
six radiating chambers 8 by 4 by 3 inches in size. These radiating 
chambers were exactly alike and equally accessible. They were fitted 
with tight covers provided with ventilators which could be closed or 
opened to any desired degree. The central chamber was provided with 
a cover bearing a tall ventilator tube by means of which a gentle current 


of air could be drawn through the outer chambers into the central one. 
The larvae were introduced into the central chamber at the beginning of 
an experiment. A shallow pasteboard tray containing 36 grams of 
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moistened bran carrying the substance to be tested was placed in alter- 
nate compartments, and in each of the other radiating chambers only 
the moistened bran. The apparatus was frequently scrubbed and aired, 
and this was always done prior to the testing of a new material. The 
duration of each experiment was 24 hours. Larvae were seldom exposed 
more than once, since they showed a strong tendency to become indif- 
ferent to odors when utilized a second time. 

Of the substances tested, lemon juice, lemon peel, oil of orange peel 
(sweet), citral, amyl] nitrate, oil of sweet birch, and salt were not attrac- 
tive; amyl butyrate and citric acid were slightly attractive; corn syrup 


+< 


was attractive only after it had fermented; and ethyl acetate, ethyl 


tive 


aceto-acetate, nitrobenzene, and vinegar were distinctly attrac 


OTHER LEPIDOPTERA 


In the course of the experiments with mosquitoes it was noted that 
peach-tree borers, Aegeria exittosa Say, from near-by trees and a species 


of geometrid moth were attracted to stale urine. 


1 
} 


An unflavored poisoned-bran bait has been found to be a satisfactory 
means of controlling the larva of the tineid, Acrolophus popeanellus 
Clem. A publication embodying the results of these tests 1s 1n prepara- 
tion. 

Under certain conditions, the active factor of which is not fully 
understood, a poisoned-bran bait flavored with nitrobenzene has given 
good results against larvae of one of the sod webworms, Crambu 


»* 
caliginosellus Clem., in tobacco fields. Seven experiments during 1922 
_ 


gave an average control of 83 per cent. A bait flavored with syrup gave 
practically no control. 


RESULTS OBTAINED WITH BEETLES 
THE Toracco BEETLE, Lastoderma serricorne Fas 


The apparatus used in the cutworm experiments was also used in 
studying the reactions of the tobacco beetle and gave fairly consistent 
results. The odorous material to be tested was placed in open tin boxes 
in the outer chambers, 3 baited chambers alternating with 3 checks 
where but one substance was being tested. Where two materials were 
being tested they were separated on each side by two check chambers, 
while two baited chambers, without checks, were used for each material 
where three attrahents were tested in competition. Crumpled paper 
in which the beetles might find places of concealment was also placed in 
the outer chambers. Boiled linseed oil, tobacco, yeast cake, starch, and a 
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mixture of starch and peptone were found to be attractive. The mixture 
of starch and peptone was more attractive than starch alone. A single 


experiment with nicotine indicated that this compound might be 


attractive. Coumarin and agar-agar appeared to be very slightly 


attractive 
Tosacco FLea Beet ie, Epitrix parvula Fas. 
A series of experiments were conduct 1 an effort to find a satisfac- 
tory repellent for the tobacco flea beetle, /pitriv par ula. The apparatus 


used in these experiments consisted of four pieces « f glass tubing one- 


half inch in diameter set horizontally in a block of wood in the form of a 
cr Holes were bored through the block to provide connection be- 
tweet the tubes (ne arm of this fim re was attached to a filter pump, as 
a source Suctio! and was screen 1 so that the beetles c« ruld not enter 


The opposite arm. which was darkened, served as an inlet for the 
t] Air alone was drawn through one of the remaining pair of 
allv illuminated tubes, while tl odor to be tested was drawn 


through the « ( 

One hundred beetles were used in each experiment and after 45 
n ites ¢ re the beetles in each arm were counted. The experiment 
Was tne repeated atter reversing the 7 10101 Oo! the baited and check 
tube 

Tests were made with creolin, nitrobenzene, pyroligneous acid, 
cresol (para cTres orth cre ( 1 iT Té vlic acid (ortho) 
oil of pennyroval, pyridine, benzoyl chloride, allyl isothiocyanate, 
naphthalene, and alkesol \li of these were repellent, but pyridine, 
benzoy] « cresylic acid (para), and alkesol were most repellent 

The bee ere ce ( ( | vad: Tt cotton m istened 
with a steam distillate of green t bac 1] preference to cotton moistened 
with water, bi t eferenct cotton moistened with a 
steal extrac veed 

RESULTS OBTAINED WITH DIPTERA 
a 
( Stance vere @€X] ed 1 tin boxes iTT< uunded by 

sheet e as fv paner. in a nisin containis many aftutes of 
Cul , } L Petrolatu1 liquid vell \ lemon 7u1ceé peach, 
netre 7 1 ow ‘ " ( ™ rhodiuin 0.1 of tar. 
banana, « ( each-leaf extract, licorice, oil of cedar, beef 
extract, a ( dehvde, « mi ( ( yric acid oil of rose 
gera n m. apricot. and apple. Cnly the fruits attracted mos- 
quitoes to a noticeable extent and these drew mort males than females 
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anisic aldehyde, citral, benzoyl chloride, cinnamic aldehyde, and cinna- 
myl alcohol. Petroleum derivatives, including crude petroleum, para- 
ffin oil (liquid yellow), oil of vaseline, kerosene (water white), petrola- 
tum (liquid white), pentane, and cylinder oil attracted a few bees. The 
check pans caught almost no bees. 


BEETLES 

One of the cantharids, Chauliognathus marginatus Fab., gave a 
positive reaction to the following chemicals, which are listed in 
order of diminishing attractiveness: Anisic aldehyde, cinnamic alcohol, 
cinnamic aldehyde, geraniol, anethol, and eugenol. The check pans 
took but one specimen of this species. 

A small weevil, Odontocorynus scutellum-album Say, was observed in a 
few instances to be attracted to the pungent fumes of pyridine. (The 
boll weevil was not attracted to this compound. ) 

A flower-frequenting beetle, Euphoria melancholica Horn, was 
attracted to anisic aldehyde, cinnimac aldehyde, and oil of anis¢ 

The spotted cucumber beetle, /‘tabrotica duodecimpunctata Fab., was 


attracted to cinnamic aldehyde and cinnamic alcohol. 


FLIES 

Large numbers of a small fly (Swammerdamella sp.) were attracted 
to pans scented with cinnamic alcohol. In these pans the sexes were 
caught in the proportion of 40 males to 1 female. Anethol, anisic alde 
hyde, cinnamic aldehyde, oil of anise, oil of fennel. and sweet oil of 
orange were also attractive 

A mycetophilid fly of the genus Sczara was talzen in large numbers in 
pans of water exposed in an oat field and scented with anisic aldehyde 
Cinnamic alcohol also ee them to some extent. Most of those 
trapped were teneral adults indicating that they had bred on plants near 
at hand 

Large flies, principally belonging to the Sarcophagidae, were attracted 
in considerable numbers to the pans containing cylinder oil, petrolatum, 
geraniol, crude petroleum, paraffin oil (yellow), a mixture of amygdalin 
and sweet oil of almond, citronellol, citronellal, butyl alcohol, and formic 
acid. None of these flies, however, were taken in the check pans 
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INFLUENCE OF SPRAY PRACTICES ON ARSENICAL RESIDUES 
By Harry C. McLEAN and ALBERT L. WEBER, 


N. J. Agricultural Experiment Station 


ABSTRACT 


Heavy spraying of winter apples in June in New Jersey during a season 


with more than norma! rainfall means that later sprays cannot be applied with- 


out exceeding the new tolerances Dusted fruit showed but traces of arsenical 
residues. Spraying up to July Ist followed by dusting’ showed very low resi- 
dues at harvest time The heaviest residues occur on the lower parts of the 
trees 


The announcement by the Food, Drug and Insecticide Administra- 
tion of the United States Department of Agriculture that the spray 
residue tolerance for the 1928 crop of fruit is to be decreased 60% from 
that for the 1927 crop, presents a problem that deserves the serious 
consideration of the entomologist, horticulturist and fruit grower. 

Investigations were instigated at the New Jersey Experiment Station 
ast season to determine what spray practices should be 
» spray residues on our apples at a minimum. 


influen f different amounts of lead 


arsenate, date of application, method of application and the use of other 
accessory materials upon the arsenical residues at harvest, as well as to 
study the distribution of residues on the trees, a series of experiments 


were conducted on specially sprayed trees in our orchard on the Agri 
cultural Experiment Station Farm at New Brunswick. Investigations 
were also pursued in 29 orchards distributed in seven counties of the 
State. Only fall and winter varieties were included in our studies. On an 
average four varieties were included in the test at each orchard. Alto- 
gether 20 varieties of apples were studied. The spray formulas and 
chedules as recommended by the New Jersey Agricultural Experi- 
ment Station were followed.' The amount of lead arsenate used per 


gallon of sprav mixture varied from .02 pounds to .04 pounds. 


WEATHER CONDITIONS 


The average rainfall over the territory in which these studies were 
made is shown in Table 1. The total rainfall from May 15 when petal 


fall spravs were on an average applied to October 31, was 26.92 inches 


which was 4.99 inches above normal for this period. While the months 
of May and June were dry, the remainder of the period, with the excep- 


‘Circular 201, N. J. Agr’l Ex] . Sta. 1927. 
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tion of September, was very wet. An application of lead arsenate on 
apples July 1 received about 534 inches more rainfall than one made on 
August Ist 
MetuHODs oF ANALYSIS 
The samples of fruit in each instance were secured from 25 repre- | 
sentative trees of each variety. The analysis for arsenic was made bv the 
Modified Gutzeit method. The methods described by Robinson and 


Hartman’ for obtaining a solution of the residues on the fruit were used. 





Where the fruit was very waxy and as a means of comparisot results 
the combination sulfuric acid and nitric acid digestion method was 
resorted to. Separate analysis of the amounts of residue found on skin. 
calyx and stem of the fruit were made in all cas: No appreciable 
amount of arsenical residue was found in the more or less closed calvx 
(internal calyx) of any of the varieties and the results therefore are not 


included 


TABLE 1 THE AVERAGE RAINFALL IN THE AREA IN WHICH THI 
WERE Mapt 
Date Rainfall Inche Nor i! 
A é Below N 
Mav 15 to 30 1.17 7 
June 2.66 1.10 8.87 
July 5.74 + OF 5.60 
August 7.93 +2.89 i 1.40 
x “ — ~ | 
pepte DeT 2.00 1.07 9.00) 
October 6.87 3.30 10.00 
Total 265.92 +4.99 
‘Entire month below nor: 
‘June l to October 30 
INFLUENCE OF AMOUNT OF LEAD ARSENATE APPLIED AND T) Ol | 
APPLICATION ON RESIDUES 
An analysis of the field records and the chemical data representin; | 


about 4000 chemical determinations gave the average results which ar 
shown diagramatically in Figure 65. The data indicate the maximum 
residues found in each case as a result of treatments Sprays applied 
earlier than June have little effect on residues left at harvest. therefore | 


only June and July-August were considered. The height of the graphs | 


represents the arsenical residues on the apples when mature, where a 


: 


definite quantity of lead arsenate was applied as indicated per tre 
during the given periods 


*Oregon Agr’l College Exp. Sta. Bul. 226, 
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JUNE Sprays Leave Licut Resipves 
The striking fact brought out by a study of the data as ri presented in 
the diagram is that under reasonably heavy rainfall conditions such as 
existed during the past year, heavy applications of lead arsenate can 
be made up to July Ist without seriously exceeding the new maximum 
spray residue tolerance (.01 gr. of AsO; per lb. of fruit) on fruit matur- 


ing in September and October It is also apparent that where heavy 
applications of lead arsenate have been made in June no additional 
amounts can be safely applied at a later date. The largest application of 
lead arsenate per tree during the month of June where no following 


sprays were added as shown by the data re presents .55 pounds and was 


applied in two applications, on June 3rd .24 Ibs. and on June 15th .31 
Ibs. The apples at harvest time contained residues of .012 er. AsO. per 


7 
} 


pound. In this instance, considering the sprays made earlier than the 


first of the month of June, a total of 1.28 lbs. of lead arsenate per tree 
was applied in five applications 
Juty anp AuGust Sprays LEAVE Excessive Resipv! 
In another case a total of 1.07 lb. of lead arsenate per tree was applied 
in seven applications, the last of which was made on August 10. The 


fruit was found to contain .031 gr. As.O; per Ib., showing that although 


the amount of lead arsenate applied was less than in the former case, 
considerably larger residues remained, because of the late spray 
although fairly light applications were made throughout the sea 
Although data were not secured on the subject it appears that aside 
from the removal by washing June sprays do not leave excessive residues 
since the spray at that time 1s placed on a relatively small apple. As the 


tin } 


apple grows larger the ratio between the weights of the arsenic trioxide, 


and of the apple becomes greater, so that the amount of As.Oy per Ib. of 


\ 


fruit becomes very small. The later the applications are made, how- 
ever, the larger the surface of the fruit to be covered and | time tor 
removal by weathering, hence, the larger residues at maturity of fruit 
If heavy applications of .20 Ib. to .55 Ib. of lead arsenate per 25'x25’ 
tree are made up to July Ist a certain amount of residues will be accumu- 


’ 7 


lated on the foliage and fruit. Subsequent washing will cause the 
residues to gradually accumulate upon the lower branches of the tree, as 
shown later in Tables 2 and 3, with the result that the mature apples 
in this zone may show residues slightly over .01 gr. of AseO; per Ib. On 
the other hand, if the months of August, September and October had 
been very dry, we might have found the residues to have been more 
evenly distributed, resulting in residues much under .01 gr. AseO; p 
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due to there being no concentration in the lower zone. Where heavy 


sprays have been applied up to July 1 no additional arsenical sprays 
can be applied without exceeding the maximum tolerance. However, if a 
small amount of lead arsenate not exceeding .1 pound per tree is applied 
in June, a further amount of .1 lb can be added in July without serious 


consequences. In sections of the country where rainfall conditions are 


similar to ours, and there are two or more broods of codling moth 
which cannot be controlled by early spraying, according to the above 
data, there remains only a choice of continued spraying and later 
washing the fruit, or of adopting some other method of control. 


HEAVY RESIDUES ON SMALL APPLES 


. ” ” 

Where a is been fairly unifon é small apples 4" to2™, 
such as Winesaps, were found to contain about 25°) more residues than 
the 23,” to 3'4" apples. This was less noticeable on apples sprayed before 


July Ist than those which were sprayed from July 20 to August 10th. 


It may be explained by the fact that the residues on an average are dis- 

‘ ] » 43 ] £9 ] —¢ avity 2° F . 
tributed over the apple as follows: On peel 45%; in stem cavity 33%; 
in calyx end 22°. Since the maximum residue tolerance is placed on 


the pound basis, we would have more stem ends 1n a pound of the small 


apples, and we would also have a larger surface area to receive the spray 


material, hence late sprays would leave larger residues on a pound of 

{ ma a ( nan iarve one 

In order to decrease residue content per pound of fruit the grower 
should adopt orchard practices such as proper pruning and thinning 
vhich will enable to grow large a 

Heavy ResipveE Fruit on LOWER LIMBS 

All the heaviest residue fruit is found on the lower limbs of the trees. 
This is, no doubt, largely due to the residues being concentrated there 
due to dripping ef the spray at time of application, and also to residues 
gradually washing from the ] er branch 

Regardless of the quantity of lead arsenate applied in June sprays, 


where no July or August spravs were added, only 25 to 35% of the fruit 


lis Was all in the 


Tas_e 2. THe DistriBuTION OF SPRAY RESIDUES ON DELICIOUS APPLES FROM 
VARIOUS SECTIONS OF THE TREES AT PICKING TIMI 


Date of Last Spra \sTall I \s,0, per Ib. of Ay 


ples 


(Height from Ground Peel Stem Calyx Total 
Ww’ & er lune 16t OOLS OOO7 OO1S 0040 
6-10’ lune 16t 0032 O00S OO12 0052 
0'-6 lune 16t O41 0032 0032 OL05 
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TABLE 3. THE DISTRIBUTION OF SPRAY RESIDUES AND INSECT INJURY ON 
HEAVILY SPRAYED STAYMAN TREES AT MATURITY 

Grains As,O, per Percent of Total Per Insect 
Apparent Residues Ib. of Apples Apples in Zone I: ed Fruit 
Total 
10’ & Over Zone 
Light 0180 6.84 
Mediun OL9S 19.71 25 
Heavy 0231 13.45 
6-10’ Zone 
Light 288 28.10 
Medium 0373 19.10 25.0 
Heavy 0420 52.80 | 
0’-6’ Zone 
Light OS386 13.67 
Mediun O4AS7 36.90 17.20 
Heavy 0501 19.42 
Tables 2 and 3 show how the residues are distributed arious 
parts of the tree Table 2 gives the analysis of fruit from tre¢ ic] 





were not sprayed in July and August and which received lead arsenate 





in June at the rate of .3 lb. per 25’x25’ tree. Analysis representing the 
maximum amount of residues found in each zone on the tree, as well as 
the distribution of the residues on the apples, are shown in the Tablk 
It should be noted that the higher the fruit on the tree, the lower the 
amount of spray residues. The largest residues are found in the stem and 
calyx ends on the lower branches of the tree. While an averag: sample 
of the entire crop on trees in a particular orchard showed residues 
under .01 grains AsO; per lb. some of the apples on the lower zone of 
tree on analysis proved to be considerably over .01 gr. of AseOy per Ib 
Table 3 shows the analysis of fruit from various zones on trees which 
have been very heavily sprayed. These trees received a total of 2.48 Ibs 
of lead arsenate per tree during the entire season, .56 Ib. of which was 


applied in July and August 
In this case all the apples were picked from the trees 


hight 


and the apples 


from each tree separated into groups of medium and heavy 


residue according to the amount visible 

The total amount of insect injured apples was determined in each zone 
at the time the samples were taken 

On these particular trees the per cent of the total crop in the 0’-6’, 
6-10’ and 10’ and over zones was 34.2%, 47.5% and 18.3% respec- 
iformly 


tively. These apples were sprayed very thoroughly and un j 


— 


throughout the season, the last application of spray being on August 
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10th, yet the residues for the three zones varied from .0231 grains to 
0501 grains of As,O; per lb. of apples, from the 1U’ and over zone to the 
0’-6’ zone. The corresponding percentages of clean fruit for the two 
zones are 63.74% and 82.70% respectively. No apples could be found 


which were under .01 gr. of AseO; per Ib 


RESIDUES LEFT ON DustTED APPLES 


In only two cases data were secured on dusted apples. In one instance 
beginning with the petal fall application, the total dust applied 25’x25’ 
tree was equivalent to .105 Ib. of lead arsenate, the last applications 


being made June 10th. The apples contained from a trace to .0007 gr. of 


In the other case, the fruit received the regular liquid spray containing 
lead arsenate on June 6th, and were subsequently heavily dusted with a 
10% lead arsenate dust, the last dust being applied August 5th, with the 
result that the apples, when picked, showed an As2QO; content of .0029 gr. 


per lb. The data were not sufficient from this one years investigations to 
enable us to draw any very definite conclusions concerning the influence 
hould be applied, the effect of different 
stickers and accessory matertia2!s, or method of application on the amount 
of residues left on the fruit at harvest. However, during 1928 we expect 
to be able to add to the information already at hand not only on apples, 
but on other fruit as well, so that definite conclusions will be warranted. 
he above results that if late July and August sprays 
containing lead arsenate are necessary we must in order to maintain the 
1928 spray residue tolerance do one of the tollowing 

1. Find a more or less cheap substitute for lead arsenate which will 
control injurious insects and which will leave no extensive objection- 
ues on the fruit at maturity 
2. Use arsenical dusts which will leave no extensive residues. 

3. Remove chemically the present used arsenical sprays from the 
fruit when harvested 

Experiments carried out in New Jersey and reported elsewhere’® have 
demonstrated that the mechanical cleaners will not remove spray resi- 
dues sufficiently under our conditions. Chemical methods show promise 
of giving us excellent results. Storage tests on chemically treated fnnt 


In progress however 


ne results of a study of spray residues on apples in 1927. Presented in De- 
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RESIDUES NOT ALWAYS VISIBLE 

It might be mentioned at this time, that it is not always possible to 
judge the amount of residues present by visibility standards, unless one 
knows what spray formula has been used. 

When the last spray application made consists of only the 10% lead 
arsenate paste and a small amount of casein-lime along with the water, 
little apparent residues will be left although very high arsenical residues 
may be present. The lead arsenate in this case appears to form a thin 
film around the apple and only a slight oiliness is visible. 


SUMMARY 

Experiments conducted in New Jersey during a season in which rain- 
fall was 4.99 inches above normal or a total of 26.92” of rainfall show 
that heavy applications of lead arsenate may be applied to fall and 
winter varieties of apples up to July 1 without seriously exceeding the 
spray residue tolerance for 1928. 

When sprayed heavily in June no further applications can be made 
without surpassing the new tolerance. 

Dusted fruit showed but a trace of arsenical residues when picked. 
Apples sprayed up to July Ist and then followed by dusting showed 
very low residues at harvest. 

The heaviest residue fruit in all cases was found on the lower section 
of the tree. 

The authors wish to express their appreciation of the helpful advice 
and cooperation given them by Dr. T. J. Headlee, Prof. M. A. Blake and 
Prof. A. J. Farley, of the Experiment Station staff, also to Mr. Walter 
McClatchey, who assisted with a greater part of the field work. 


USE OF ARSENITES IN THE CONTROL OF MORMON CRICKETS 
By F. T. Cowan, Bureau of Entomology 
ABSTRACT 
Poisoned bran mash did not prove entirely satisfactory. Sodium arsenite. 


the 


liquid or dry, and calcium arsenite proved very efficient, especially when 
pests were concentrated in small areas and before there was much movement 
from the hatching grounds. 

In 1921 and 1922 the Mormon cricket made its appearance in the 
northern end of Camas Valley in western Montana. Undoubtedly it had 
been present in the mountains surrounding this and other valleys for a 


good many years, since it is native to this part of the state, but this was 
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the first time since about 1896 that crickets had been noticed in damag- 
ing numbers. No extensive damage was done in 1921 and the three 
years following. The first serious damage was recorded in 1925. In 1926 
the outbreak reached its height and the damage for that year was esti- 
mated as high as $125,000. In Camas Prairie Valley alone, a community 
which in ordinary years produces from 75,000 to 100,000 bushels of 
wheat, only about 15,000 bushels were produced in 1926. Practically all 
of this grain was threshed from fields in the southwestern corner of the 
valley, which escaped the ravages of the crickets. In the remainder of the 
valley the wheat was a total loss. In other wheat-growing sections of 
Sanders County the damage was practically 100 per cent. In Lake 
County the damage to the wheat crop was equally as high, and some 
damage to alfalfa was also recorded. The infestation spread from a small 
beginning in 1921 to an area of some 256,000 acres at the end of 1926. It 
embraced the western part of Sanders County and a large portion of the 
eastern half of Lake County, Montana 

Heretofore the accepted method for controlling the Mormon cricket 
had been the use of poisoned bran mash. This had been used with more 
or less success in other parts of the Rocky Mountain region, and since it 
was the best method known at that time, the farmers in both Lake and 
Sanders Counties organized, under their county agents, for a control 
campaign on that basis. However, apparently very mediocre results 
were obtained, and the campaign was given up. This apparent lack of 
success may have been due to several causes, but perhaps the most 
mportant reason for abandoning the campaign was that the farmers 
could not see results. They mixed and scattered the bait faithfully, but 
when they looked for dead crickets on the treated areas, a few days later, 
they were disappointed in finding apparently as many live crickets as 
before, and, in most cases, no dead ones. The Mormon cricket, after 
reaching a certain stage in its development, is almost constantly moving, 
and the crickets that had eaten the poison had moved on before dying, 
while others had moved in to take their places. 

Since poisoned bran mash apparently did not give the desired results, 
it was necessary to find some method by which a quick effective kill 
could be brought about. Experiments were carried out during the sum- 
mer of 1926 with liquid sodium arsenite diluted in various proportions to 
form sprays. This method had proved highly successful in South Africa 
and other countries, against grasshoppers having habits, similar to those 
of the Mormon cricket, of migrating and gathering in compact groups 
for shelter and warmth. This liquid was sprayed on the crickets and 
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produced exceedingly good results. However, any spray strong enough 
to kill crickets was found to burn the vegetation seriously. These 
mixtures therefore could not be safely used in crops. Later in the sum- 
mer a sodium arsenite powder was obtained and used undiluted asa 


dust. Very good kills were ol 


tained with this dust. but damage to 


> ‘ , aoc ne ‘ , Otro Tee . a7) VW } » eryT"no* ‘ - 
vegetation was as great or even greater than with the sprays. However, 


it was felt that since great numbers of cricket eggs were laid in more or 
ine 


less barren soil, e sprav or dust could be used to advantage on the 


hatching grounds 


During the early part of the summer of 1926, with the assistance of 
Mr. W.B \labee, state extension entomologist, steps were taken 1 ird 
the organization of a cricket control campaign for 1927. Meeti vere 
held duri the winter and earl ein all of the é ad 
the farmers were organized. It is decided t have r r ed 
in insect { itrol . or} 1c] county to ke cTtive ( ( 
campa Each « ised about $4,000 i 
with S$? 950 from the [ ted Statec Ind n Ser ry ‘ 
materials and dusting equipment and ay the mi 
charge of t OI TI ( lv1 the d 1 
was dé by the farmers 

Durit t] e wintel t 1926 24 M erime ( ¢ 
United States Bureau of Entomology laboratorv at Billi 
with sodium arsenite ler diluted with hydrated e. | 
it was found that grass! é mphs could be lkalle 
one Tt ol lium ars te | ler to 1 arts ol f i 
or no bu f the fol sulted 

Fol 1! tl ee M rie earl 1 { I Lu? 7 est 
were 1 id ‘ aTIOUS « it] the 7 . l 
these tests that the dust applied at the rate of five pounds 1 the 
was sufficiently strong to obtain estimated kills of from 75 to 90 ( 
in practically every instance. No burning whatsoeve 
during these tests in either grain or alfalfa. Some burning, howe 
recorded later in alfalfa, when the dusting was followed by rain or whet 
the vegetation was wet with dew at the time of applicatior Sucl 
damage was slight, however, and was of littl consequence \ 


was recorded in wheat 
An item that did not come to mind at the time the experiments were 
being carried out with sodium arsenite powder was the scarcity of the 


material. About the time that the supply of sodium arsenite powder 11 


the United States had been exhausted, it was learned thru the efforts 
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calcium arsenite wa » used as a weed killer, and 

— . al — lium arsenite 

more plentiful and cheap y e sodium arsenite, 
ee : S thet of 


The results ere Tr’ qa, Du € experimental 
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expended, practically 100 per cent control was effected, saving for the 
farmers a crop with an estimated value between $125,000 and $150,000. 
Although the total acreage for the two counties was a little less in 1927 
than in 1926, the increased yield, due to a better growing season, more 
than offset the decrease in acreage, and the total yield was believed to be 
as great or even greater than it would have been in 1926, when the 
Mortnon cricket caused a crop failure. The crop of 1927, in the opinion 
of the farmers and those otherwise connected with the work, would 
probably have been a total loss had not the campaign been put on. 

I assume full responsibility for the accuracy of the statements and 
references given in this manuscript. I believe the conclusions offered are 
fully warranted, and certify that all tables and computations have been 
carefully verified by me. 


A METHOD OF VOLATILIZING CARBON BISULFIDE FOR SOIL 
FUMIGATION 


By H. K. Ritey, Department of Entomology, Purdue University 
Agricultural Experiment Station 


ABSTRACT 


A method of volatilizing carbon bisulfide with steam was successfully employed 
Scutigerella 


in soil fumigation tests for the control of the greenhouse centipede 
tmmaculata Newp.)infesting ground beds in a commercial greenhouse at Indianapolis, 


Indiana. 
The carbon bisulfide was placed in a steel drum and steam under 50 pounds pressure 
allowed to pass through, volatilizing the material and forcing the gases into under- 


ground tiles, extending the length of the bed at a depth of about 16 inch« 
mortality of cent:pedes and other soil-infesting forms was secured. 


In the course of investigations to control the greenhouse centipede 
(Scutigerella immaculata Newp.) carbon bisulfide proved one of the most 
effective soil fumigants. However, since this centipede, which has 
become a general and serious pest of lettuce and other greenhouse crops 
in Indiana, occurs at almost any depth down to 36 inches, depending on 
soil conditions, difficulty was experienced in securing complete treat- 
ment of all possible infested parts of the ground benches 

A method of volatilizing the carbon bisulfide, so that the gas com- 
pletely permeated the beds, was devised and tested at Indianapolis, in 
February, 1928, and proved quite efficient for this and other soil animal 
pests. Since it may prove valuable for general soil fumigation purposes, 


the method used is described for the benefit of other workers 
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ow} 


The plot treated was a ground bench, 11 feet wide and 175 feet long 
equipped with six 4-inch tiles previously installed for steam sterilization. 
They extended the length of the bed, buried at a depth of about 16 
inches with the steam inlet in the center of the bed. 

The apparatus consisted of a 30-gallon steel oil drum, placed on a 
platform in a horizontal position, with the small opening in the end 
fitted with a three-fourths inch pipe and globe valve for the entrance of 
the steam. The larger hole in the side of the tank was connected with a 
2-inch pipe which was inserted in the underground tile. This served 
as an outlet for the steam and evolved gases formed in the tank. A piece 
of hose in the steam line allowed changing of the position of the tank 
without disconnecting the pipes. . 

In fumigating, the tiles were first heated with steam to prevent 
condensation at the inlet. Each one was then fumigated separately. 
The carbon bisulfide (15 pounds for each tile) was poured into the tank 
and steam under 50 pounds pressure was allowed to run through the 
tank and into the tile, carrying the evolved gases with it. This mixture 
then spread into the adjacent soil. The carbon bisulfide vaporized very 
rapidly, only a few minutes being required to drive the whole charge 
into the soil. The odor of the material could be readily detected at the 
ends of the bed (85 feet from the point of entrance) within two minutes 
after the steam was turned on. After the carbon bisulfide had been 
entirely volatilized, steam was forced into the tile for about 15 minutes 
to insure even distribution of the gases throughout the soil. Examina- 

he fumigation showed the soil to be 
thoroughly and evenly impregnated with tl 
The bed was spaded 48 hours later in preparation for replanting and the 


tions made at the completion of 
e carbon bisulfide fumes. 
odor of the material was still very noticeal 

A month after the treatment no live centipedes, muillipedes, earth- 


worms or other soil-infesting forms were found and the lettuce planted 


two days after treatment showed an unusually vigorous growth. 
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A SOIL SIFTER' FOR SUBTERRANEAN INSECT 
INVESTIGATIONS 


By M. C. LANE, Assistant Entomologist, and F. H. Surrck, Junior Entomologist, 
U. S. Bureau of Entomology 
ABSTRACT 

A soil sifting machine to facilitate investigations of subterranean insects, especially 

wireworms, is described. 
INTRODUCTION 

Anyone who undertakes to study the habits of soil insects is handi- 
capped by the difficulty of determining their subterranean movements. 
Examination of the soil to obtain information on the depth at which 
hibernation occurs, degree of infestation, or to check the results of the 
application of a fumigant or other poison is at best tedious and subject 
to considerable error. In the course of our wireworm investigations a 
soil sifter has been developed which meets some of the difficulties 
presented by this problem. (See Plate 21, Fig. 1.) 


CONSTRUCTION OF SIFTER 

The frame is made of 3”x3” material. The upright pieces are 30 inches 
long, the side rails 31 inches and the end rails 23 inches. The rails and 
uprights are mortised and fastened together with screws. The shaker 
bed (Plate 21, Fig. 3, A) measures 21'% inches by 28 inches (inside 
dimensions) with a distance of 2'% inches between the upper and lower 
screens. Owing to the severe strain which is placed on this part when 
the sifter is in operation, it is necessary that the corners be reinforced 
with iron corner braces. These are secured by means of small stove bolts. 
Two superimposed screens are used. The top screen (Plate 21, Fig. 3, E) 
is galvanized iron and of ‘4 inch mesh and serves to break up the soil 
and also to remove coarse material such as sticks, stones, and other 
debris. After passing through the top coarse screen the soil falls on the 
finer screen (Plate 21, Fig. 3, B) below where the final sifting takes place. 
The bottom screen can be of any desired mesh, but for most soil insects 
a screen containing 12 meshes to the inch is fine enough. Ordinary 
window screening was found to be satisfactory in this work 

The mechanical principle upon which the sifter operates can be readily 
understood from a study of the illustrations. The drive shaft (Plate 21, 
Fig. 1, D) which is made of metal, has a 3-inch U-bend in it to which 


1The soil sifter herein described was developed in connection witl 


vestigation in the Pacific Northwest 
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the connecting rod (Plate 22, Fig. 2, C) is attached. The other end of 
the connecting rod is fastened to the shaker bed. 

The connecting rod is made of oak wood and is equipped at each end 
with a bearing of babbitt metal. These bearings were prepared by 
pouring molten babbitt metal into holes bored in each end of connecting 
rod. After cooling, holes were bored in the metal to the proper size to 
receive the drive shaft at one end and the shaker bed pin at the other end. 
The attachment to the drive shaft was made by sawing, with a hacksaw, 
a slit four inches in length through the end of the connecting rod, and 
removing a rectangular piece of wood containing the upper half of the 
metal bearing. This allowed the drive shaft to be placed on the bottom 
half of the bearing, after which the upper piece was replaced and bolted 
down with cross bolts. 

Thus it will be seen that as the drive shaft revolves the screens are 
shaken violently back and forth. The sprocket wheels are in the ratio of 
1 to 2; that is, one turn of the crank produces two revolutions of the 
drive shaft and two complete oscillations of the screens. The screens 


f 


travel a distance of six inches at each stroke. 


OPERATION OF SIFTER 

In operating the sifter, five or six shovelfuls of soil are placed in the 
top screen and the handle is turned, slowly at first to prevent soil from 
being shaken out over the end of the screen. After most of the soil has 
has passed through the top screen, the latter is removed by releasing the 
fasteners (Plate 21, Fig. 1, F) which hold it in the shaker bed and simply 
drawing it out. The fasteners are then turned again to secure the lower 
screen and the sifting is resumed. At this time the crank may be turned 
at the rate of about fifty turns per minute. It was found that the soil will 
pass through the screen more readily when one hand is used to keep it 
distributed while the sifter is in motion. After sifting has continued for a 
short time most of the soil will have passed through the screen, leaving a 
small residue of soil granules, insects in various stages, and other objects 
large enough to be retained. This residue can be quickly and easily 
examined, after which it may be discarded by partially drawing out the 
screen and brushing with a whisk broom. While it is possible that some 
of the very smallest larvae may be shaken through the 12-mesh screen, 
this method of examining soil yields quicker and more accurate results 
than any other method known to us 

In rearing wireworms through the egg and early larval stages, the 


writers have made use of ‘‘40-mesh soil,’’ that is to say, soil sifted through 


a brass screen containing 40 meshes to the inch. Eggs of most of the 
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injurious species of Elateridae indigenous to the northwest can be 
separated from this soil by sifting through the 40-mesh screen. The 
sifter previously described can be used to advantage in preparing the 
40-mesh soil previously mentioned, by substituting in the shaker two 
screens measuring 20 and 40 meshes to the inch respectively. The soil, 
however, should first be passed through a 12-mesh screen before it is 
placed in the 20-mesh screen for sifting. The fine soil is caught on a 
piece of canvas or tray as it passes through the 40-mesh screen. It 
should be placed in air-tight containers until ready for use to prevent 
drying out. 

Another advantage of this sifter is that it also provides as explained 
below a convenient laboratory method in large scale biological investi- 
gations for separating at one operation eggs or small wireworm larvae 
from the soil taken from a number of rearing cages. 

A shailow rectangular pan with its bottom removed and replaced with 
a 40-mesh screen soldered on, serves as a sieve. 

Eight of these pans as shown in Plate 21, Fig. 3, G, may be placed in 
a frame and this frame then fitted in the sifter, thus sifting in separate com- 
partments, the contents of eight 2-ounce rearing boxes at one operation. 


Cost or SIFTER 


The total cost of labor and materials (not including wire screens and 
pans) used in constructing this sifter, will vary somewhat according to 
local prices, but should be approximately as follows: 


EMS oe hs ce edibes sad vies eda naseban $ 5.00 
Metal parts....... ied «Sil rials haa e Sees kwon send 12.00 
Tee ee Ee eds iadabeweean , 3.00 
ES oS iG un nee Peas «0.a dV Oe hu bs diebes 15.00 


$35.00 
The cost is moderate and is justified in consideration of the time and 
labor which the use of the machine saves. 


Types or Sort USED IN SIFTER 


While the greater part of the soil used in our experiments was of 
volcanic origin it varied to a considerable extent in texture. Many types 
have been sucessfully passed through this sifter including heavy clay 
loams. It is thought, therefore, that with a change in size of screen this 
machine can be adapted for use in many sections having diversified 
soils. 
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A NEW BENEFICIAL BEETLE IN MASSACHUSETTS 


By W. D. Wuitcoms, Mass. Agric. Experiment Station, 
Market Garden Field Station, Waltham, Mass. 


ABSTRACT 


Cantharis andersoni Frost, a recently determined species, has increased rapidly in 
eastern Massachusetts since 1920. It feeds,freely on most aphids common in the 
locality, and in cages has killed and devoured the larvae of several fruit and vegetable 
nsect pests. 

In the summer of 1920 specimens of a Cantharid beetle were collected 
in Belmont, Mass., by Mr. Charles S. Anderson, then employed at the 
European Corn Borer Laboratory. These were sent to Mr. C. A. Frost 
of Framingham, Mass., who determined them as Cantharts (Telephorus) 
andersoni, sp. nov., and published the description with notes in Psyche, 
Vol. 29, p. 4, 1922. 

Mr. Frost’s description states that this species has the size and shape 
of C. rotundicollis Say, but can be easily distinguished by the entirely 
testaceous color except for several characteristic black, or at least dark, 
piceous areas; the orbicular thorax; and the densely pubescent sculpture 
of the elytra becoming strongly granulato-rugose to the apex. 

Specimens were also collected at Mt. Desert Island, Maine, in 1919 
and 1921 by Dr. Charles W. Johnson of the Boston Museum of Natural 
History, and the owner of the estate where Anderson made his collections 
reported that these insects were first noticed in 1918 in small numbers. 
It was also reported that they were collected on Japanese barberry, 
English elms, hedges, and grasses. 

Since that time they have increased rapidly in eastern Massachusetts, 
particularly in Middlesex County, and during 1927 and 1928 they were 
observed in hundreds about gardens and orchards. Dozens of requests 
to identify them and to recommend treatment for controlling them were 
received. 

There is one generation each year, the winter being spent in the larval 
stage in cells about four inches below the surface of the ground. At 
Waltham in 1928 pupation took place about the middle of May and the 
adults began to emerge May 30. During the month of June the beetles 
were very active, especially at dusk on warm evenings. They were 
noticeably abundant on apple trees and grape vines but could be found 
on practically all garden and orchard plants. 

Beetles belonging in this family, Cantharidae, are predaceous on aphids 
and have occasionally been reported to be of economic importance, 
especially on the Pacific Coast where Podabrus comes Lec., P. tomentosus 
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Say, and Cantharis divisus Say are recorded by Essig as feeding freely on 
various species of aphids, and C. consors Lec. on the citrus mealy bug. 

Apparently C. andersont has feeding habits similar to the Pacific Coast 
species and attacks many of the common plant lice in this section. 
Caged specimens feed ravenously on the green apple aphis, the melon 
aphis, the green peach aphis, the black cherry aphis, and a green aphis on 
currant. 

In addition they attacked and devoured larvae of the common 
asparagus beetle, imported cabbage worm caterpillars, undetermined 
green geometrid larvae, grape plume moth larvae, leaf roller larvae 
(Eulia sp.). and apple tree tent caterpillars. The large tent caterpillars 
were often ignored while smaller insects were plentiful but eventually 
several of them were killed and at least partly eaten, but it was evident 
that these were only starvation diet. Against the larger larvae the 
attacks were intermittent and usually more than one beetle participated. 
After a few bites they retired to observe the effect on the victim, renew- 
ing the attack after five minutes or longer. 

When food became scarce in the cages there was evidence of canni- 
balism. 

The large number of these beetles present during the last two years 
has had a noticeable effect on the aphids, and the fact that they are 
apparently well established and increasing promises to add another 
beneficial insect to counteract the ravages of the injurious species in 


Massachusetts. 


Scientific Notes 


Distribution of Phthorimaea operculella Zeller.—I collected specimens of this 
species (determined at British Museum) at the lights on the ship standing off Sam- 
arang, Java, March 6, and Townsville, Queensland, March 17. I do not think they 
came from potatoes on board, as they were with various insects evidently from the 
shore, and we did not notice them out at sea. he records are of some interest as 
showing the tendency of the insect to fly long distances, aiding its spread over the 
world 

T. D. A. CocCKERELI 


Talc and Mica Dusts as a Control for Lepidopterous Larvae.— During the summer 
of 1928 the writer conceived the idea of using finely ground mica dust as a mechanical 
barrier to prevent the entry of Oriental Peach Moth larvae into twigs and fruit. 
In insectary tests over 90 per cent of the recently hatched larvae were killed before 
they reached a point of entry. Experiments carried out at the same time with talc - 
proved that this dust was even more effective than mica dust in killing the young 


larvae. A limited test with these two dusts used against recently hatched larvae of 


the codling moth showed that talc and mica dusts affect the larvae of this insect in 
the same way as they affect the Oriental Peach Moth larvae. 
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Observations on the young larvae as they came in contact with the dust and 
their subsequent struggles to free themselves of the clinging particles, indicated 
that the effect of the dusts on the larvae was a physical rather than a chemical one. 
The results obtained with these two dusts in killing the larvae named, and observa- 
tions made on the way they affect the larvae, indicate that these two dusts have 
possibilities as a control for the young larvae of those insects which lay their eggs in 
such a position that the larvae are forced to crawl over the surface of the plant to 
reach a point of entry. 

Byr_ey F. Driccers, N. J. Agr. Expt. Station 


A Suggestion for a Possible Application of Ovipositional Chemotropism.—In 
August, 1925, the writer conducted the following test: 

Fifty males and fifty females of a soil-infesting insect were confined in a wire cage 
placed over a flat box of grass grown from seed in clean soil. A small cup containing 
a chemical was placed in one corner of the box. After six days the box of turf was 
examined and the location of the eggs noted. The results indicated that there had 
been a decided preference for the vicinity of the chemical as a place for oviposition. 
Similar results were obtained in a duplication of this test. 

These tests, although not exhaustive, confirmed in the writer’s mind the possibility 
of artificially localizing oviposition by the use of a chemical. It is evident that the 
artificial localization of eggs (and the consequent young) on a large scale would tend 
to permit limitation of the area necessary to be treated for the destruction of these, 
thereby effecting a decrease in expense for insecticide and labor. 

Furthermore, since the individuals to be destroyed are the immature stages of th: 
next brood, the application of the insecticide for their destruction may be made at 
any time during a large portion of their existence, if not their entire existence, in 
the original oviposition medium. . 

An essential phase of this suggestion is the use of chemotropism to facilitate the 
destruction of individuals of a subsequent brood, rather than those which respond to 
the stimulus. In view of the fact that traps for catching large numbers of gravid 
females have not been perfected, the utilization of an artificial oviposition stimulus 
as indicated above would seem to have a place in insect control. 

The names of the insect and the chemical used in the above mentioned experiment 
have not been given, since to do so would in no way influence the general principle 
discussed in this article, and might give the erroneous impression that the use of 
this chemical was being recommended for the control of the insect in question. 
J. WicviaM Lipp, Assistant Entomologist, Bureau of Entomology, 

United States Department of A’griculture 





Copidryas cosyra Druce, An Enemy of Cactus on the West Coast of Mexico.— 
Hunter et al' listed 324 species of insects associated with cactus in the United States. 
Ninety-two of these were injurious species. During the course of the writer’s investi- 
gation of cactus insects in North America for the Commonwealth Government of 
Australia an injurious species additional to those listed by Hunter was taken. On 
August 7, 1922, at Ranchita, near Hermosillo, State of Sonora, Mexico, lepidopterous 
larvae were found feeding externally upon a Cylindropuntia of the /mbricatae series. 


'The Principal Cactus Insects of the United States. Hunter, W. D., Pratt, F. C. 
and Mitchell, J. D., Bur. Ent. Bull. 113, 1912. 


ane iene 
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These larvae were approximately two inches long, very robust, and light brown in 
color. From the nature of their injury they appeared capable of considerable damage. 
However, failure to find the species at other points visited on the west coast indicates 
that it is rare. This insect was identified by the Taxonomic Division, Bureau of 
Entomology, as Copidryas cosyra Druce. Mr. Carl Heinrich informs me that Druce’s 
type is labelled ‘‘Mexico,”” but that the National Museum has other specimens 
reared from material collected at Phoenix, Arizona. The species is therefore a valid 


addition to the insect fauna of Cactaceae in the United States. 


J.C. Hamiin, Bureau of Entomology, Salt Lake City, Utah 


Sulphur in the Control of Mites in Parasite Breeding Laboratories. The recent 


work of 5. E. Flanders, of California, in breeding Trichogramma minutum Riley in 











large numbers in the eggs of Sitotroga cerealella (Olivier) has stimulated much in- 
terest in the rearing of this important egg parasite. Much of the work of the past 
season has been seriously interfered with by mites tl] I lestroyed the S. cere- 
alella in the laboratories. At the Colorado Agricul ent Stati vhere 
work in this connection was started in August, 1927, two species of mites became so 
numerous that production was practically stopped as early as May, 1928. These 
were Pediculoides ventricosus (Newport) and a large Gamasid that has been de- 
termined only to the genus Seius. The Gamasid did the more damage early by 
feeding upon the eggs, but later the P. ventricosus became the more seriou It was 
found feeding upon the larval, pupal, adult and to some extent upon the egg stages 
Our work on rye ring the summer has been larg ds 
to avoid or cx mites Mar ateTiais ive Deen teste ror £ I 1 
repelling effects. Sulphur has prove e material of most pror I en 
demonstrated to have a definite action upon the Gamasid mit I eT 
difficult to get a definite che m ffective s against P nira ‘ re- 
peated tests with the Gamasid mite 100 per cent kills of the nymph wer red 
when they came into contact with the sulphur ediately af They 
are not seriously injured if they hav en out of egg ar I ) 
contact with the sulphur. Upon the discovery of this, we bega g 
sulphur freely about the breeding laborator T rst appl ' July 
19. There was an immediate decrease in the amount of ‘‘r P 
ventricosus on the workers in the laboratory. A light coating of 
tained over the grain bins and other fixtures and later mu it ‘ d 
freely. The results are that there has been a very marked reas¢ f 
both species of mites and a steady increase in the number of mot T egg 
production from the surplus moths collected daily dropped from 100,000 in April to as 


low as 1000 during a part of July when the mites were the most numerou A steady 
increase since August 1 has brought t gg production up to 15,000 or 20,000 in 


spite of the fact that during the last several weeks all of these egy ive CCT iken 
to another laboratory to infest another sup} f grair The su I em 
to be injurious or objectionable to the grain moth or its larvae 

While these results are not entirely conclusive, they seem to warrant the pub- 
lishing of this note at this time that others may ike observations in the me n- 


nection. 


GeorGe M. List, Lestie B. DANIELS and Cart J. BJURMAN 
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The editors will thankfully receive news matter and other items likely to be of interest to our 
readers. Papers will be published as far as possible in the order of reception, except that 
papers of reasonable length may be accepted in the discretion of the editor for early publica- 
tion at $2.50 per page for all matter in excess of six printed pages, a part page counting as 
a full page, this limit not including acceptable illustrations. Photo-engravings may be obtained 
by authors at cost. 


Separates or reprints, if ordered, when the manuscript is forwarded, will be supplied to 

authors at the rates given below. Note that the number of pages in a reprint may be affected 

what by the make-up, and that part of a page is cl as a full page. Carriage charges 
extra in all cases. Shipment by parcel post, express or freight/as directed. 

One hundred separates or reprints at $1.50 per page or plate. Additional hundreds or less, 

4 pages less, $1.00; 5-8 pages, $1.50; 9-12 pages, $1.75; 13-16 pages, $2.00; 17-24 pages, 


largec 
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$3.00; 25-32 pages, $4.00. Covers suitably printed or first page only, 100 copies, or less, $4.50; 
additional hundreds, or less, $1.75. "lates inserted, $1.75 per hundred or less. Folio reprints, 
the uncut folded pages (50 only), sixteen page signature. or le $3.00. <A discount of 10 per 
cent and 20 per cent from the above prices will be allowed on orders of 500 and 1000 reprints 
respectivdy 

There has come to Lhe Editor’s desk a suggestion to the effect that 


elimination of verbosity is desirable in the cast some JOURNAL articles 
and we all endorse that for the paper by the other man. It is further 
suggested that the Editor or a member of the Advisory Committee 
illy edit and advise changes in somewhat the same manner as is 


done by editorial agencies in various institutior This would require 


1 _ 1; P on ~ _ han mm + aalza vere llae —— 
the expenditure of more time than mos uuld be willing to give to the 
rather thankless task of bettering e author’s manuscript—it should 


1 ¢arn 7 reatam and Sditar and +hi mau eo im + 
mean a full time Secretary and Editor and this may come in the not 


distant future here is no question as to the existence of verbosity in 
lick ] ticlec and whder nr "t+ arrar 7 “7 +1 c 
certain published articles and unde est arrangements the author 
navs if he exceeds the somewhat arbitrary six page limit. It does not 
ay Ll xX i IT1i©\ ala La LA apt Imiuit L Got nov 


seem to be particularly effective in promoting conciseness. More fre- 


quently the author eliminates entire sections or pays, usually the latter. 


The Editor here suggests two or three recasts of an article, each for 
greater clarity, comprehensiveness and conciseness. The burden of 


+} om an v)walliiv Whe Whrownodoht within mise!) maller limit he Pt th > 
ne Sstorv can usualliv D WITOULTI ’ bil EAL SilldaiiCl limits than in Une 


hirst dra We believe it a mistak iean too heavily on the editor. 


4 
4 

j 
+ 
yee 
4 


Do your own phrasing and thus cultivate a habit of expression which 


ultimately will call for little editing—remember that the spoken word 


can not be edited There was also a criticism of the restricted view- 
point of certain writers. There should be either a closely limiting phrase 


or the author should exhibit in his discussion a familiarity with all 


phases of his topic. This does not mean diffuseness. Our aim should be 








942 JOURNAL OF ECONOMIC ENTOMOLOGY Vol 21 


comprehensive concision, a not impossible ideal if a man really knows 
his subject. Scan your article more than once to see if it is really com- 
prehensive. The author might well give a moment to the wording 
of the title of an article. Try writing running titles from the author’s 
phrasing and one soon perceives cases where a little thought would 
result in a shorter title with the important word where it catches the eye. 
Compare, for example, ‘‘( mee eg on the Life History and Habits 
of the Codling Moth in the Rocky Mountain Region in 1928” with 
“Codling Moth Studies a Suliaiate 1928."" The latter te 
much as the former and has the advantage of giving the most im- 
portant word first, unless one wishes to imply tl 

insect, observation is comparatively infrequent ? 


Current Notes 


Dr. M. D. Leonard of Cornell University, visited the Victoria, B. C., laboratory 
late in August. 

Mr. E. P. VanDuzee, curator of insects, California Academy of S$ 
September 12 to 15 working in the U. S. National Museum collection of H 

Wm. B. Gurney, Government Entomologist 
New South Wales, Australi » SP nt August 23rd 
cal work of the Kans he tural Experiment Station 

Dr. C. F. Adams, of the State Board of Health, Indianapolis, Ind_., r 

ble time in the Division of Insects, U. S. National Museu: xal 

recent literature on Diptera 

Mr. C. H. Alden, Entomologist, Georgia State Board of Entomolog 
field laboratory of the Bureau of Entomology at Fort Valley, for sever 
the latter part of August. 

Mr. S. W. Frost expects to leave New York City January 10th, 1929, for Panama 


where he will spend six months collecting and studying leaf-mining i 


considera 


going into Costa-Rica and Guatemala 
Mr. G. S. Matthews, of the Entomological Branch, termi 


Oct. 14 and is now taking post-graduate studies in agronomy at the Michigan Agri- 
cultural College, Lansing, having been awarded the Kellogg Fell 


Professor R. W. Harned, State Entomologist of Mississippi, and Troy T 


Nursery Inspec tor for the State of Alabama, were recent visitors at the Biloxi, M 
field laboratory of the Bureau of Entomology. 

Doctor J. L. Horsfall, who has been Entomologist with the Bayer Cor 
Inc., for the past two yez ———s Ist, to accept a position with The Amer 


Cyanamid Company, Ne w York C 


Dr. Roger C. Smith, who is on a wed leave of absence from the Kansas Agri 
cultural College, is now establish¢ ! P 


Haiti, and seems pleased with the 
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Dr. Paul Vayssiere, associate director of the Entomological station of Paris, was a 
visitor at Tallulah, La., September 3 to 6. He was greatly interested in the organi- 
zation and work of the Delta Laboratory, particularly in demonstrations of dusting 
cotton with ground machines and airplanes. He also visited the field stations at 
Mound and New Orleans. 


Dr. R. T. Tillyard, Commonwealth Entomologist of Australia, and Mr. F. Muir, 
Entomologist of the Experiment Station of the Hawaiian Sugar Planters’ Associ- 
ation, visited the Department of Entomology at the Kansas State Agricultural 
College on August 26, 27, and 28. While there, a trip was made to the insect fossil 
beds located near St. Elmo, Kansas. 





Dr. Eimer D. Ball, formerly director of research in the U. S. Department 
culture, and assistant secretary of Agriculture, recently in charge of celery insect 
investigations for the Florida State Plant Board, has been appointed dean of th« 
College of Agriculture and Director of the Agricultural Experiment Station at ths 
University of Arizona, effective October 1. 


On August 15, B. R. Coad, in charge of the field laboratory of the Bureau of 
Entomology, at Tallulah, La., with R. E. Mitchell, pilot, took off for El Paso, Tex., 


in the newly aaisvaaey Stine m Detroiter airplane, en route to Tlahaulilo, Mexi 
where he will inaugurate studies of the migration of the moth of the pink bollworn 


In the codling moth work at the Yakima field laboratory of the Bureau of Ento- 
mology, during the years 1922 to 1928, inclusive, 180 laboratory tests of ovicids 
have been made, using a total of more than 50,000 codling moth eggs. In the sam 
period 900 laboratory tests of larvicides have been made, using 4,500 apples and 
45,000 hatched larvae. 


Mr. C. B. Hutchings with the assistance and cooperation of a number of Brancl 
officers prepared and presented exhibits of entomological interest at th: raprsecg 
Canada Exhibition, Ottawa, Aug. 21-27, and at the Canadian National Ex! 
Toronto, Aug. 27—Sept. 8. As usual the exhibits attracted a great deal of attentior 
from the public and were undoubtedly of considerable educational value. 


According to Sctence, eLong made the presentation address on to- 
\ rding to S Dr. D. . DeLong mad tat i O 
ber 27, when the Edward L. wn scholarship fund was presented to Ohio Weslk 
University, in recognition of the services of Professor Rice as head of the Department 
of Zoology for a period of thirty years. This fund was created by thirty of Pro- 
fessor Rice’s students in zoological and botanical science. 

g 


Mr. G. F. Moznette, in charge of the pecan insect laboratory of the Bureau of 
zg I 

Entomology at Albany, Georgia, spent August 1 to 4 at Spring Hill, Ala., n 

Mobile, conducting control experiments with the black aphid of the pecan, Myz 

callis fumipennellus Fitch, which has been causing serious damage to pecan trees 

in the vicinity. The feeding of this aphid leads to defoliation. 


Dr. B. A. Porter, of the Vincennes, Ind., field laboratory of the Bureau of Ento- 
mology, attended the summer meeting of the Indiana State Horti i acter Society at 
Evansville, Ind., August 2, and the meeting of the Kentucky State Horticultural 
Society at Henderson, Ky., August 3. At the latter meeting the oriental peach mot! 
which has recently appeared in southern Indiana and western Kentucky, was in- 


formally discussed. 
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Recent appointments in the Bureau of Entomology have been announced with 
field assignments, as follows: W. G. Bruce, Fargo, N. D.; R. A. Roberts, Uvaldel 
Tex., C. T. Blanz, Bell, Md.; E. S. Parkinson, Coleen Ohio; J. H. Russell, E, 
Paso, Tex.; O. H. Lovell, San José, Cai.; C. B. Wisecup, Sanford, Fla.; R. L. Wallis, 
Melrose Highlands, Mass.; J. Dalton, St. Francisville, La. 


The following by termination of appointment or by resignation have quit the 
employ of the Canadian Entomological Branch: W. E. Lindsay, Ottawa; W. A. 
Squires, Fredericton, N. B.; G. S. Matthews, F. F. Smith, Chatham, Ont.,; R. H. 
Handford, Treesbank, aes H. E. Gray and G. F. Manson, Lethbridge, Ala.; Pro- 
fessor G. J. Spencer and G. L. Giasson, Chatham Parasite Laboratory; Geoffroy 
Beall, Victoria, B. C 


According to Science, the Government of France has conferred upon Dr. L. O 
Howard, of the Bureau of Entomology, the rank of officier de la Legion d’Honneur, 
as a promotion from the rank of chevalier of the legion. Dr. Howard has recently 
received honors from Hungary, havin. been made honorary member of the Hun- 
garian Royal Society of Natural Sciences and of the Entomological Society of Hun- 
gary. 

A meeting of tree specialists was held September 17 at the Bartlett Research 
Laboratories, Stamford, Conn., at which brief talks on insects were given by Dr. 
E. P. Felt, director and chief entomologist of the laboratories, Mr. A. F. Burgess, 
in charge of Federal gipsy moth work, Professor C. C. Hamilton, associate ento- 
mologist of the New Jersey Agricultural Experiment Station, and Dr. W. E. Britton, 
State Entomologist of Connecticut. 


Following the Ithaca meetings, the following foreign entomologists visited the 
Entomological Branch, Ottawa, Canada: Dr. W. Saalas of Finland, Dr. D. D. 
deTorres and F. Silvela of Spain; Dr. K. C. Sullivan of Missouri, Dr. M. Schwartz of 
Germany, H. Horowitz and A. E. Stene of Rhode Island, Professor J. Gray of Florida, 
Dr. A. D. Imms, Rothamsted Research Station, Harpenden, and Mr. J. C. F. Fryer, 


1 


Chief Entomologist to the Ministry of Agriculture, London, England. 


Dr. F. C. Craighead, of the Bureau of Entomology, spent the first week of Septem- 
a. : 
ber at Asheville, N. C., reviewing the summer's work at the field laboratory at this 
point. He also spent a few days in the vicinity of the Mont Alto Forest School, Pa., 
with H. J. MacAloney, in studies of the white pine plantations in that region. The 
j | | £ 
Mont Alto Forest School and the Pennsylvania State Forest Service gave them 


considerable assistance in this work. 


Dr. J. McDunnough returned to Ottawa on Sept. 10, after spending nearly three 
months in Western Canada in connection with faunal studies. Dr. McDunnough 
first collected insects at Minaki on the Winnipeg river, Ont., then proceeded to 
Lethbridge, Alta., and later motored to Bozeman, meee and made extensive 
collections in the Yellowstone National Park. During late August and early Sep- 
tember collections were made at Waterton lakes and eat Alta. Dr. McDunnough 
reports extremely satisfactory results from his trip. 


In the latter part of August, Mr. Arthur G.bson, Dominion Entomologist ac- 
companied Mr. J. C. F. Fryer, Chief Entomologist to the Ministry of Agriculture, 
} 
4 


London, England, on a trip through Ontario and into Ohio and Michigan. The fol- 


lowing points in Ontario at which the Branch is conducting investigations were 
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visited: Niagara Falls, St. Davids, Vineland, Queenston, Simcoe, Beamsville, Strath- 
roy, and Chatham. In Michigan, the Corn Borer Laboratory at Munroe was visited 
and also the laboratories near Toledo and at Van Harbor, Ohio. During the week of 
September 10, Mr. Gibson visited the Niagara Falls district and in company with 
Messrs. Baird and Ross investigated areas in which peach moth parasite investi- 
gations were being conducted. On October 3, Mr. Gibson accompanied Dr. Grisdale, 
the Deputy Minister of Agriculture, and Mr. C. S. MacGillivray of the Health 
of Animals Branch, to Belleville, Ont., where visits were paid to a number of local 
canning factories. 

According to Science, Dr. Dayton Stoner has resigned his position as Assistant 
Professor of Zoology at the Iowa Stave University and has accepted an appointment 
as Associate Entomologist in the Bureau of Entomology to investigate truck crop 
insects at Sanford, Fla.; on May 1, 1929, Dr. Stoner will return to Syracuse, N. Y 
to complete his studies of the birds of the Oneida Lake region, a project promoted 
by the New York State College of Forestry and the Roosevelt Wild Life Experiment 
Station. 

Messrs. C. H. Phipps, Associate Entomologist, Dr. H. C. Hildreth, Hor 
engaged in blueberry investigations, and Robert Chandler, Assistant Horticulturi 
all of the Maine Experiment Station, Prof. K. H. Salman of the Depart 
Entomology, Massachusetts Agricultural College, Warren Pettigrew, of the Maine 
State Department fo Agriculture, and C. W. Collins, of the Gipsy and Browntail 
Moth Investigations, Bureau of Entomology, visited the blueberry maggot field labo- 
ratory, of the Bureau of Entomology, at Cherryfield, Maine, late in July and ea 
in August. 


Professor T. V. Ramakrishna Ayyar of the College of Agriculture, South India, 


who went on a tour abroad last year, spent the winter, spring and summer at Stanford 
University where he received the Doctor’s degree (Ph.D.) in Zoology in October last 
His thesis was on the ‘Thysanoptera of India.’ Dr. Ayyar has since returned to 
India after visiting many places in the States and making many friends and wit 
many pleasant memories of the warm hospitalities enjoyed at the hands of man 


Entomologists. On his way back Dr. Ayyar spent some time in England and on 
the Continent. His present address is The Agricultural Coliege, Coimbatore, South 


India, Lawley Road, P. O. 


In the province of New Brunswick, collections of pupae and of larvae of 
European corn borer were made at five points in Queens and Sunbury « 


St. Johns river valley. This is the first report of the occurrence of the corn bore 
in New Brunswick. Scouting in the province of Quebec has resul 
collection being made in new territory—near St. Cyrille in Drummond < 
Infestation record work has been completed for the season in Ontario and Quel 


- The following resignations in the Bureau have been announced: C. E. Abl 
Dallas, Tex.; B. E. Montgomery, Vincennes, Ind.; H. L. Ratcliffe, and O. R. Causey, 
Chadbourn, N. C.; R. W. Burgess, San José, Cal.; D. P. Ellington, Picayune, Miss.; 
J. E. Culpepper, R. P. Patty, B. A. Moers, C. F. Rainwater, J. K. V. Stewart, D H 
Ratcliff, G. A. Noel, F. B. Russell, S. T. Williamson, S. E. Jones, J. Randolph, J. G 
Anderson, W. R. Gore, H. D. Tate and T. E. Dawson, Tallulah, La.; Winnifred S 
Hull, Washington, D. C.; D. M. DeLong, H. C. Mason and D. F. Miller, Columbus, 
Ohic; P. E. Kiker, Jr., Toppenish, Wash.; C. W. Getzendaner, Alhambra, Cal.; 
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W. F. Senette, Baton Rouge, La’; C. H. Smith, Richfield, Utah; H. Beerman, Phila- 
delphia, Pa.; T. E. Brouson, Madison, Wis.; Dr. L. H. Taylor, Washington, D. C.; 
D. G. Hall, E. E. Atwood, Melrose Highlands, Mass.; Mary L. Crossman, R. K. 
Day, Washington, D. C. 

The Fourth Annual Conference of the International European Corn Borer Organi- 
zation was held September 27 and 28, 1928. September 27 was spent at the European 
Corn Borer Development Farm, about 10 miles east of Toledo, Ohio, and at the 
Ohio State plots. Several fields where infestation of the European corn borer was 
most serious were also visited. The forenoon of September 28 was spent at the 
Federal and State laboratories at Monroe, Mich., and the general conference was held 


at Toledo in the afternoon. Preceding the general conference, committees repre- 





senting the American Association of Economic Entomol 


of Agronomy, The American Society of Agricultural Engineers, and the American 


ogists, The American Society 


Farm Economic Association, spent three days in the field, investigating the corn 
borer situation. The joint report of these committees was presented at the general 
session of the conference on Friday afternoon. This report gave in considerable detail 


recommendations as to the needs for research on the European corn borer. There 





were approximat« 150 in atte unce at the general conference, consisting of scien- 
tists, administrative officials, and farmers interested in the general corn borer 
prol e! 


The Fifth Annual Conference of Entomologists working in Connecticut, was held 
at the Agricultural Experiment Station, New Haven, October 25, 1928, beginning 
at 10 o'clock a.m. Dr. W. E. Britton was elected chairman and 42 were in attend- 
ance. The following program was carried t: Greeting; W. L. Slate, Director, 
Experiment Station, New Haven; Progress in Mosquito Ditching in Connecticut in 
1928, R. C. Botsford, New Haven; Some Entomological Features of the season of 
1928, W. E. Britton, New Haven; Some Injurious Shade-Tree Insects in 1928, 
Dr. E. P. Felt, Stamford; New Phases in the Spread and Control of the European Corn 
jorer, L. H. Worthl Boston, Ma Experiments with Oil Mixtures in Killing 
the Egs f the European Red Mite, Dr. Philip Garman, New Haven; General 
Properties of Oil Sprays, Neely Turner, New Haven; Naphthalene Fumigation, Dr. 
Albert Hartzell, Yonkers, N. Y.; Glimpse f the Fourth International Congress 
of Entomology held at Ithaca, N. Y., Prof. J. A. Manter, Storrs; The Gipsy Moth 
and the Satin Moth, A. F. Burg Melrose Highlands, Mass.; Present Status of the 
Japanese Beetle in the United States, C. H Hadley, Camden, N. J.; Some Aspects 


of Japanese Beetle Quarantine Enforcement in Conn., J. P. Johnson, Shelton; Con- 
trol of the Asiatic Beetle, Dr. R. B. Friend, New Haven; Notes on Nursery In- 


The fall meeting of the Connecticut Beekeepers Association was held in the State 
Capitol, Hartford, October 20 


Dr. M. C. Tanquary has accepted an appointment as Professor of Entomology in 


The annual meeting of the Wisconsin State Beekeepers’ Association is scheduled 
for December 13 and 14. Professor H. F. Wilson, Madison, is Secretary. 
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The winter meeting of the Oregon State Beekeepers’ Association has been ar- 
ranged for November 22-24, and the Secretary is Professor H. A. Scullen, Corvallis. 


The Winter meeting of the Minnesota Beekeepers’ Association is announced to be 
held December 4 and 5. The Secretary is Otto L. H. Wille, St. Paul. 


Professor F. Eric Millen, Guelph, Ont., Secretary, has arranged for the annual 
meeting of the Ontario Beekeepers’ Association, at the Prince George Hotel, Toronto, 
November 27-29. 

Professor C. L. Farrar, in charge of beekeeping at the Massachusetts Agricultural 
College, Amherst, visited the Bee Culture Laboratory of the Bureau of Entomology 
on September 11. 

Mr. W. M. Howland has resigned his temporary appointment as bee inspector in 
Virginia to take up his duties as instructor in the Segregansett School of Agriculture, 
Bristol County, Mass. 


Dr. John Renney, Aberdeen, Scotland, whose name is associated in the minds of 
beekeepers with the discovery of the cause of the Isle of Wight disease, died on 
August 30. 

Professor F. B. Paddock, of the Iowa Agricultural College, Ames, Iowa, visited 
the Intermountain Bee Culture Field Station of the Bur2au of Entomology, Laramie, 
Wyoming, during the week of September 10th. 

Mr. John C. Ferris, of the East Coast Canning Co., Jacksonville, Florida, called 
at the Bee Culture Laboratory of the Bureau of Entomology on September 18th to 
discuss methods of bottling honey. 

Prof. Shujiro Inomata, Entomologist at the Agricultural College, Tottori, Japan, 
visited the Bee Culture Laboratory of the Bureau of Entomology on September 25th. 
Professor Inomata states that courses in beekeeping will be given at the Agricultural 
College at Tottori. 

Mr. Jess Dalton, of St. Francisville, Louisiana, for the past few years president of 
the Louisiana State Beekeepers’ Association, was appointed a collaborator of the 
Southern States Bee Culture Field Station, of the Bureau of Entomology, on Septem- 
ber 25th. 

Recent visitors of the Bee Culture Laboratory of the Bureau of Entomology in- 
cluded Dr. W. W. Alpatov, of the University of Moscow; Mr. Victor M. Buck, of the 
Presbyterian School, Ebolowa, Cameroun, West Africa; and Dr. J. A. Nelson, of 
Mt. Vernon, Ohio, who was formerly connected with the Laboratory. 


Mr. Roth Hamilton, of the firm of Hamilton, Wallace and Bryant, Los Angeles, 
California, large exporters of honey, conferred with Mr. Jas. I. Hambleton, of the Bee 
Culture Laboratory of the Bureau of Entomology, on Sept. 24th ia regard to foreign 
honey markets. Mr. Hamilton stopped in Washington after an extended trip through 
Europe where he made a careful study of the honey markets. 


The American Honey Producers’ League sponsored an exhibit of honey which was 
shown at the annual convention of the American Dietetic Association, which met 
at the Willard Hotel, Washington, D. C., on Oct. 29 to 31. Thesuccess of the exhibit 
was in large part due to Dr. E. N. Cory, Secretary of the Maryland State Beekeepers’ 
Association, who detailed members of the association to take care of the display. 
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A new bee-culture field Station, known as the Southern States Bee Culture Field 
Laboratory, has been established at Baton Rouge by the U. S. Department of Agri- 
culture for which special funds were appropriated by the last Congress. The Louis- 
iana State University provides laboratory facilities, heat, light, janitor services and 
assists in procuring scientific apparatus. Mr. W. J. Nolan has been in Baton Rouge 
since early July arranging for the experimental work. 

Mr. R. S. Kifer, of the Bureau of Agricultural Economics, visited the Bee Culture 
Laboratory of the Bureau of Entomology on October 2nd to confer with members of 
the staff previous to his departure for the Intermountain States, where he will con- 
tinue with the work on honey cost production studies and methods of apiary manage- 
ment upon which Mr. E. L. Sechrist, of the Bee Culture Laboratory of the Bureau 
of Entomology, has been engaged during the past summer. Mr. Kifer will make the 
final visit to all cooperators and close the work for the season. 

Dr. Everett Oertel has recently been appointed an Assistant Apiculturist to fill a 
vacancy in the Southern States Bee Culture Field Station, of the Bureau of Ento- 
La. He will devote his time largely 


mok gy, recently established at Baton Rouge, 


to the study of floral sources of nectar, manipulation of bees, and other factors 
closely related to the production of honey. Dr. Warren Whitcomb, Jr., also of this 


station, attended the meeting of the Georgia State Beekeepers’ Association at Macon, 
Ga., on Sept. 19th, where he outlined the work of the new Southern States Bee 
Culture Field 

The Bee Culture Laboratory of the Bureau of Entomology has just received two 
Pfund honey graders from the Munsell Color Co., of Baltimore, Maryland, which 





1 


are to be assigned to the offices of the United States Trade Commissioners in London 
and Hamburg, where they will be available for use by foreign buyers of honey. Through 
the instrumentality of Mr. T. L. Ball, of the Superior Honey Co., Ogden, Utah, 
with the cooperation of several exporters of honey, and also the generous discount 
allowed by the Munsell Color Company, these graders are being sent abroad without 
cost to the Government. 

Prof. H. F. Wilson, head of the Department of Entomology, at the University of 


Wisconsin, Madison, and also custodian of the Dr. C. C. Miller Memorial Library 


located there, visited the Bee Culture Laboratory of the Bureau of Entomology on 
October 23rd. After lookin, er the library of the Division of Bee Culture Investi- 
gations, he deplored the fact that mar luable and almost unavailable books were 
housed in su n inflammatory build Noticing many of the gaps in the volumes 
of bee journa enerously offered to transfer me duplicate material from 
the Miller Library to that of the Bee Culture Laboratory, as he fully agrees that the 
Department of Agriculture should } ess the best ] ible librar 

In the ] number of the JOURNAL oF ECONOMIC ENTOMOLOGY mention was made 
that at the time granulated honey w: covered in the apiary of the Bee Culture 
Laborator f the Bureau of Entomology the bees were found to be working largely 
on sweet « er Since that time it has been determined that the granuiation of 
the honey was due to the presence of melezitose, one of the rare sugars, and it 1s quite 
evident now that the bees had finished working the true source from which the mele- 
zitose was derived, which was probably the scrub pine, a tree occurring in abundance 
in this part of the count For this reé n it | been impossible to determine defi- 
nitely whether the melezitose was derived directly from an exudation of the scrub 
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Horticultural Inspection Notes 


On October 8, 1928, the Plant Quarantine and Control Administration revised 
circular PQCA-218 ‘‘Restrictions Re Orchid Permits.” 


Mr. H. A. Horton was transferred from the port of Seattle, Washington, where 
he had been employed as Junior Plant Quarantine Inspector, to Nogales, Arizona, on 
October 10. 


Mr. R. C, Elliott, who had been employed as Junior Plant Quarantine Inspector 
at Nogales, Arizona, since September 24, 1926, was transferred on September 21 to 
the port of New York. 


Mr. Joe Milan, Charksville, Tenn., has been transferred temporarily to the Plant 
Quarantine and Control Administration, where he will conduct inspection work 
for the pink boll worm. 


Recently Dr. M. C. Tanquary, who was formerly Commercial Beekeeper, Fargo, 
North Dakota, accepted a position as Professor of Apiculture, Department of 
Entomology, University Farm, St. Paul, Minnesota. 
to the office 


Mr. Herschell Fox, Junior Plant Quarantine Inspector assigned 
orto Rico, left 


of the Plant Quarantine and Control Administration in San Juan, | 
San Juan on October 25 to assist temporarily at the port of New York. 

Mr. D. B. Mackie, of the California Department of Agriculture, Sacramento, 
California, conferred with members of the Plant Quarantine and Control Adminis- 
tration in Boston, Mass., New York City, and Washington, D. C., about the middle 
of September. 

Mr. C. V. Scott was transferred on October 3 from the port of New York to Seattle 
Washington. Mr. Scott had been assisting at the port of New York since June 1, 
1925, the date of his appointment with the Plant Quarantine and Control Admin- 
istration. 

Dr. J. H. Montgomery, Florida State Board, Gainesville, Florida, spent several 
days in Washington the middie of October to consult with members of the Plant 
Quarantine and Control Administration regarding fumigation studies and port 
inspection. 

Mr. R. A. Fox of the New York office of the Plant Quarantine and Control Admin- 
istration was engaged in the inspection and certification of apples and pears for 
export in the States of Washington and Oregon during the period September 26 
to October 30. 

Grapefruit, oranges and kumquats from the 1928 crop in the Lower Rio Grande 
Valley began to move on October 1 under Federal inspection and certification, as 
provided in Quarantine No. 64. The crop is reported to be considerably larger 


than previous years. 
] 


Mr. W. S. Fields, of the Washington office of the Plant Quarantine and Control 
Administration assumed charge of the inspection of special permit material grown 
in the vicinity of New York about September 15. Mr. Fields’ headquarters are at 
45 Broadway, New York City. 

The proceedings of the ninth annual conference of the Western Plant Quarantine 
Board, held at Reno, Nevada, in 1927, have been published by the State Department 
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of Agriculture of California, as Special Publication No. 85. Copies are available for 
distribution by that department. 


Mr. Carl H. Spiegelberg, who was formerly employed as Junior Plant Quarantine 
Inspector at New York City, was given a temporary appointment to assist in the 
inspection and certification of pears and apples for export in the States of Washington 
and Oregon effective October 1, 1928. 


Mr. Harry Sargent, who has been in charge of the work of the Plant Quarantine 
and Control Administration at the port of Astoria, Oreg., has been transferred to 
the port of New York, effective November 3. The port of Astoria has been closed so 
far as this Administration is concerned. 


Mr. Geo. W. R. Davidson, who has been assisting Mr. R. L. Clement, Nursery 
Inspector of the New York State Department of Agriculture and Markets in nar- 
cissus inspections on Long Island, since August 14, was transferred, effective Novem- 
ber 1, 1928, to the pink bollworm field service for duty in western Texas. 


During the month of September, Messrs. A. J. Bruman and L. L. Spessard, of 
the Washington office of the Plant Quarantine and Contro! Administration, super- 
vised the treatment of narcissus bulbs at North, Va., and Norfolk, Va., respectively. 
Mr. W. T. Dillard, stationed at the port of New Orleans supervised similar treat- 


ments at Scottsville, Texa 


Mr. George G. Becker, in charge of the pink bollworm field service, and Mr. R. E. 
McDonald, State Entomologist, Austin 


, Au Texas, spent several days in October con- 
ferring with members of the Plant Quarantine and Control Administration at Wash- 


ington, D. C., concerning problems connected with the pink bollworm quarantine 
regulatory work. 

The organization of the South Carolina State Crop Pest Commission has been 
modified dur 
as follows: Prof. Franklin Sherman, State Entomologist; Prof. H. W. Barre, State 
~athologist; J. A. Berly, Assistant State Entomologist, and L. M. Fenner, Assistant 


State Pathologist. 





ng recent months. The names of the personnel and their titles are now 


During August and September, transit inspection of interstate shipments of 
ursery stock and other plant material has been carried out by the Plant Quarantine 
and Control Administration. This work is a continuation of the plan heretofore 


followed by the Federal Bureau of Plant Industry. The work in the eastern half 


of the United States is under the direction of Mr. R. A. Sheals, and that in the 


west is supervised by Mr. C. R. Stillinger. 
Extracts from the Virginia Crop Pest Law together with Rules and Regulations 
are now in press, and it is expected that copies will be available for distribution 


after the latter part of November. This publication 





has not been available for 
a considerable period and there have been frequent requests for it in recent months. 

A general European corn borer conference was held at Toledo, Ohio, on September 
28, 1928, with a large attendance representing interested States, commercial concerns, 
and the agricultural press. A field trip included visits to the experimental plots at 
Bono, Ohio, and Monroe, Michigan, as well as into Ontario. The damage from this 
insect in the formerly heavily infested areas north of Lake Erie was found to be less 
than in previous years, owing to the institution of the most approved cleanup methods 


throughout the region. 
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Prof. A. E. Stene, Chief, Bureau of Entomology, of the Rhode Island Department 
of Agriculture, reports that the production and movement of five-leafed pines and 
Ribes in Rhode Island have recently been brought under a new set of regulations. 
Not only are special permits required for the transportation of these plants within 
or into the State, but they may not even be planted without such a permit. The 
harboring of Ribes nigrum, aureum, and odoratum, is prohibited. A blister rust 
control area is also legally established and defined, and penalties are provided for 
violations of the regulations. 


The Federal pink bollworm quarantine regulations were amended effective Novem- 
ber 15, 1928. Under this amendment, provision is made for the issuance of permits 
for the interstate movement of sterilized cottonseed to authorized oil mills located 
outside of but in the vicinity of regulated areas of Texas, New Mexico and Arizona, 
upon determination by the Piant Quarantine and Control Administration that 
reasonable necessity exists for such action, The authorization of such oil mills will 
depend upon compliance with such conditions as shall in the judgment of the Admin- 
istration eliminate the risk of spread of the pink bollworm therefrom. 


A public hearing was held by the Plant Quarantine and Control Administration 
on November 12 to consider the advisability of revising the satin moth quarantine 
to include the State of Vermont within the quarantined area. Surveys during 
the past year have demonstrated a very considerable spread on the part of this 
insect. At the time of the hearing it was proposed that 172 towns, covering approx- 
imately 5,116 square miles, be added to the regulated area. The most extensive of 
these areas are in Connecticut and New Hampshire and less spread has been found in 
Maine and Massachusetts. For the first time the satin moth has appeared in Ver- 
mont, where specimens were found at scattered locations in the eastern third of 
Windham county, and in the southeastern corner of Windsor county. 


On October 18, the Secretary of Agriculture issued Notice of Quarantine No. 65, 
relating to the Woodgate rust. Under the regulations supplemental to this quar- 
antine, the interstate movement of hard pines susceptible to this disease from the 
following counties of New York State: Clinton, Essex, Franklin, Hamilton, Her- 
kimer, Jefferson, Lewis, Oneida and St. Lawrence, is prohibited. The pines thus far 
known to be attacked by the disease and brought under regulation at this time are: 
Scotch pine (Pinus sylvestris), Canary Island pine (P. canartensis), Slash pine(P. 
caribaea), Japanese red pine (P. densiflora), Corsican pine (P. migra poiretiana), 
Stone Pine (P. pinea), Western yellow pine (P. ponderosa), Monterey pine (P. 
radiata), Loblolly pine (P. taeda), or Jersey pine (P. virginiana). 


The Virginia Cedar Rust Law has been attacked on constitutional grounds and 
otherwise several times in the State courts without success. Two individuals took 
their cases through the lower courts into the United States Supreme Court. One case 
was argued before this court in the October term, 1927 and the law was declared 
constitutional in an opinion handed down February 21, 1928. In the October term 
of the court 1928 the second case was argued and on October 29, 1928 the Supreme 
Court again sustained the validity of the act, finding no issues requiring it to change 
its views as expressed in the opinion of the case previously cited. In this second case 
the court declined to hear arguments by counsel for the State. These decisions are of 
particular interest because regulatory laws of this nature seldom reach the United 
States Supreme Court for argument. 
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The alfalfa weevil is the only insect of any major importance in regard to quar- 
antines in Wyoming at the present time. No additional counties have been found 
infested in that State during the past season. As a matter of fact, an infection dis- 
covered two years ago at Torrington in Goshen County and at Lusk in Niobrara 
County was conspicuous this year by its absence. Fields which were fairly heavily 
infested last year failed to reveal a single weevil during this year’s scouting. The 
officials of the Department of Agriculture of Wyoming are conducting intensive 
ecological studies upon the alfalfa weevil, primarily for any scientific information 
which will be of value in the more intelligent promulgation of alfalfa weevil quar- 
antines. Not only field studies in which all of the physical and climatical factors are 
involved are being conducted but experiments under controlled conditions of relative 
humidity in the laboratory are being carried on. 


The eighth annual meeting of the International Great Plains Crop Pest Com- 
mittee was held at the North Dakota State College, Fargo, North Dakota, Septem- 
ber 12th and 13th, 1928. Those in attendance were as follows: W.G. Bruce, U. S. 
Department of Agriculture, Bureau of Entomology; A. G. Ruggles, State Ento- 
mologist, St. Paul, Minnesota; R. L. Shotwell, Experiment Station, Bozeman, 
Montana; C. N. Ainslie, Cereal and Forage Insect Investigation, Sioux City, Iowa; 
K. M. King, Deminion Entomological Laboratory, Saskatoon, Saskatchewan; 
H. L. Seamans, Dominion Entomological Laboratory, Lethbridge, Alberta; Norman 
Criddle, President, Dominion Entomological Laboratory, Treesbank, Manitoba; 
S. H. Vigor, Department of Agriculture, Regina, Saskatchewan; M. C. Tanquary, 
Commercial Beekeeper, Fargo, North Dakota; J. A. Munro, Secretary, Department 
of Entomology, Fargo, North Dakota; and C. B. Waldron, College of Agriculture, 
Fargo, North Dakota. 

The Eastern Plant Board held its Annual meeting October 26, at the American 
Museum of Natural History, New York City. Dr. T. J. Headlee was reelected 
Chairman. The following program introduced topics for discussion: Japanese 
Beetle Control, C. H. Hadley; Discussion of the Status of Three Asiatic Beetles, 
Loren B. Smith; Perennial Apple Canker and Apple Tree Anthracnose, W. A. 
McCubbin; Federal Inspection in the Enforcement of Federal Quarantine, R. A. 
Sheals; Narcissus Inspection, Treatment and Certification, S. B. Fracker; Rose 
Stock Diseases, W. H. Martin; The Gipsy Moth Control Problem, A. F. Burgess; 
The Mexican « :an Beetle, Neale F. Howard; The Potato Tuber Moth, E. N. Cory; 
The European Corn Borer—Individual and Community Control, H. N. Bartley; 
Quarantine, R.S. Clifton. Others present were: Dr. W. E. Britton, J. Peter Johnson, 
Connecticut; Dr. J. F. Adams, Delaware; Dr. A. W. Gilbert, Massachusetts; R. B. 
Lott, Wm. Flemer, New Jersey; W. C. O’Kane, New Hampshire; C. P. Norgord, 
H. L. McIntyre, P. J. Parrott, R. D. Glasgow, B. D. Van Buren, Saul Phillips, New 
York; Dr. T. L. Guyton, Pennsylvania; A. E. Stene, Rhode Island; G. T. French, 
Bailey, Vermont; W. E. Rumsey, West Virginia; C. H. Zimmer, 


Virginia; H. L. 
U.S. Department of Agriculture. 
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Notes on Medical Entomology 


Mr. R. W. Wells, of the Bureau of Entomology, returned to his field station, 
Beltsville, Md., on September 12, after conducting a series of tests of methods of 
cattle grub control at Herkimer, N Y. 





Mr. J. L. Webb, of the Bureau of Entomology, has been transferred from the field 
force of the Division of Cotton Insects to the Washington force, Insects Affecting 
Man and Animals, and will assist in the administration of the Division. 


Mr. R. C. Shannon, of the Rockefeller Foundation, returned to Washington 
August 20 after spending six months in Peru. Mr. Shannon was in the U. S, Na- 
tional Museum about six weeks working up some insects collected in connection with 
his investigations of verruga fever—a disease known only in Peru. 





Wesley G. Bruce was appointed Assistant Entomologist in the Bureau of Ento- 
mology, September 5, and was assigned to Cattle Grub Investigations with head- 
quarters at Fargo, N. D. During September he was engaged in a survey of the 
cattle-grub situation in the Red River Valley and at points in North Dakota, South 
Dakota, and Minnesota. He also attended the eighth annual meeting of the Inter- 
national Great Plains Crop Pest Committee, held at Fargo, N. D., September 12 
and 13. 


On August 4, Messrs. W. E. Dove and Frank Adams, of the Bureau of Entomology, 
were the victims of a tragic accident which resulted in the death of Mr. Adams, 
They were returning to their station at Uvalde, Tex., from a trip in an automobile toa 
near-by mountain canyon. In crossing what is usually a dry stream bed they en- 
countered a sudden rush of water caused by a cloudburst higher up in the mountains. 
Both men and the car were swept down stream by the force of the water. Mr. 
Dove, by great good fortune, managed to lay hold of the branches of a tree, and 
some hours later was rescued from this position. Mr. Adams was not seen alive 
after the water struck the car. His body was found the next day, some distance 
below the river crossing. Mr. Adams was a temporary field assistant at the time 
of his death, and was assisting Mr. Dove in studies of goat lice. He held the degree of 
Master of Science from the Southern Methodist University, located at Dallas, Tex. 
He was a careful and conscientious worker and showed great promise as an ento- 


mologist. 








ERRATA 


Plate 14, facing page 552, amend legend to read as follows: 

1. Effect of Mysocallis fumipennellus F. on pecan, (slightly reduced), Injured 
areas on leaflets, lower leaflet curling, upper leaflet with less advanced injury. 

2. Defoliation caused by aphids on a caged leaf. 


Piate 15, facing page 574, is printed upside down while the explanation reads as 


though it was right side up. 
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year. 
Descriptive literature and information free. 


SUN OIL COMPANY, 1807 FINANCE BLDG., Philadelphia 
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